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PACKAGED...READY FOR INSTALLATION Put aside your production cost, assem- 
bly cost, and stock handling worries. Low-cost Aetna AG Bearings—Adapter Bearings, 
Belt Idlers, and Regular or Detachable Chain Sprocket Idlers—can solve these problems 
for you. Each bearing is prepackaged and prelubricated—ready for final installation on 
your machine. Individual units are simple in design with a single row of balls, an extra 
large lubricant capacity, and highly efficient seal. They provide dependable perform- 
ance on all light-duty, medium-speed applications and are available in a wide variety 
of sizes and configurations. For complete information, call your Aetna representative 
listed in your classified directory, or write for General Catalog and Engineering Manual. 


Pa i 


® 
h : AETNA BALL and ROLLER BEARING COMPANY 4600 SCHUBERT AVE. 
" { DIVISION OF PARKERSBURG-AETNA CORPORATION | CHICAGO 39, ILL. 


ANTI-FRICTION SUPPLIERS TO LEADING ORIGINAL EQUIPMENT MANUFACTURERS SINCE 1916 
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KEEPING THE COMPONENT WARM .. . R Crump 


These charts, based on experience, quickly estimate needed heat 


HOW TO DESIGN SIMPLE OPTICAL SYSTEMS . . . D H Cronquist 


A rundown on the components—and how to use them 


FOR STRONGER, TOUGHER METAL-POWDER PARTS. . . F Giordano 


It calls for sintered iron powders with densities over 90% 


EQUATIONS FOR PIN MEASUREMENT OF GEARS .. . J H Glover 


These new formulas simplify the job 


WHEN VIBRATING A TEST PIECE . . . D Cerasuolo 


Nomograph gives answer for size of drive rod needed 


FIELDS OF INTEREST REPRESENTED IN DEPARTMENTS: 


High-temperature metals used in new contact device 

Burning of metals get top attention 

New coatings are transparent, boilable, solvent-resistant 

Mill shapes straightened and die-quenched by same machine 
Moldable urethane rubber for mass production 


New angle on fracture failures 

The latest on castings—bigger, purer 

New moldable, self-lube compositions for bearing seals 
Simplified plasma torch offers sigh stability 

Beryllium bolts vie for space-age jobs 

Booted universal joints work in problem environments 


Major design change improves pressure switches three ways 
Better heating-element alloys being developed in India 
Thermoelectric cooling goes commercial 

Light source emits pulse 1 nanosec wide 


New tractors designed to order: Think big, think small 


Cover story—international Harvester’s biggest, smallest new tractors 
Missile launchers go on aluminum diet 

Government patent policy called sound by independent study 
Dummy engineer shows how companies handle recruiting 
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Mach 5...Mach 10...and Beyond 
STEVENS Cértivied THERMOSTATS 


Up where the “wild blue yonder” becomes inky black, you can’t afford to gamble on precise, reliable 





temperature control. And that’s the natural domain of Stevens Thermostats. They are compact and 
lightweight... withstand high G’s...are utterly reliable even under wide temperature swings. For 
Stevens Thermostats are a product of creative engineering ... coupled with the most stringent environ- 
mental testing and quality control programs in the industry. If space is your dimension, take the 
measure of Stevens Thermostats first. 





2° to 6°F Differential Standard 
?’ to 4°F Differential Special 


“Maximum spread of 6°F including differential 
and tolerance. | 
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On our cover—two new International Harvester tractors, 
together with the groups responsible for the design of each 
machine. The picture was taken at the company’s Farm 
Equipment Research & Engineering Center, Hinsdale, Ill, 
between snow storms during the Christmas holidays 


power farming. Since World War I, when the “age of 
tractor power” really began, and particularly since the 
coming of all-purpose and rubber-tired tractors, nearly every 
phase of farm progress has revolved around tractor power. 

Actually, the word “tractor” meant nothing to the 


(which accounts for the building decorations and over- public until the season of 1906-07, when it appeared 
coats). Shown are the two extremes of the tractor line— in a manufacturer's advertising as a shorter way to sa\ 
“gasoline traction engine.” Tractor manufacturing as 
a large-scale industry is considered to have had its begin 
ning in 1906, which saw 11 companies in the business 
Their output the following year was 600 machines. ‘Tw 
vears later, 31] manufacturers were producing tractors 
Their combined production—2000 units. 

It took courage for a farmer to invest his money in 
one of those early models. He risked the taunts of his 
neighbors when it wouldn’t start and he risked his arm 
every time he cranked it, particularly before the use of 
an impulse coupling for the magneto. By 1915, tractors 


Left to right: Richard G. Hennessey, power train design; 
P. Lawrence Mikeska, chassis design; William D. Syrett, 
styling and visual design; David L. Stevenson, test and 
development; Harold E. Brown, project engineer, chassis; 
Horst Steinhagen, transmission design; R. Duane Cope, were 
body and general design; Joseph Yocum, construction 
and field test; William J. Akins, project engineer; Ray 
Melchin, construction and field test; Palmer Hagen, gen- 
eral design. 


“laid out on drawing boards” and “engineered” for 
mass production. As tractors climbed in prominence “ole 
dobbin” began to decline. In 1910, 
owned 1000 tractors and 24.2 million horses. By 1959, the 
figures were 4.8 million tractors and 3 million horses. 


American farmers 


the biggest tractor IH has ever made, the 300 hp 4WD-3, 
and the smallest, the 7-hp Cub Cadet. Design story on 
page 76. 

Without question, the most important development 
in agriculture in modern times was the transition to 


Crutch for the Eyes 


Among many of the “miracles” that Marco Polo wit- 
nessed during his trip to China in the 13th century were 
people peering through “lenses” to read small print. But 
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he was rather late. As far back as 2883 BC, Chinese had 
been using lenses made of rock crystal, quartz or amethyst 
to observe the stars. Even Confucius, in 500 BC, is said 
to have had a pair of eyeglasses. It is believed, however, 
that the early Chinese knew little about optical laws, 
believing that the glasses simply possessed certain mysteri- 


From the Bausch & Lomb Collection 


Chinese spectacles with quartz lenses, circa 1500 AD. 
Metal frames and nosepiece are fastened securely to the 
lenses with hinge clamps. 


ous medicinal properties. Chinese glasses were oval in 
shape rather than round, and were held in place by frames 
of papier-mache or horn. 

Lenses were known in ancient Greece and Rome; but 
these were used to set fire to enemy ships or to melt 
writings from wax tablets (acting like a sort of early 
eraser). Pliny records that physicians also used the “burn- 
ing glasses” as cauteries, and, around 50 AD, Seneca 
observed that writing became large and distinct when 
seen through a water-filled glass. Little, however, was 


done to apply the “burning glass” to aid the poor-of-sight. 
It was not until 1276 that Roger Bacon referred to certain 


lenses as “useful to those who are old and have weak 
sight.” 

Eyeglasses were made by craftsmen who understood 
basic optical laws, and in the 15th century, the Guild 
of Master Spectacle Makers was established in Nurnberg. 
This elevated the spectacle maker to the level of a crafts- 
man, like tailor or mason. In 1629, England’s Worship 
Company of Spectacle Makers was chartered and still is 
in existence. These early spectacle manufacturers could 
design simple optical systems (a review of fundamental 
optics for engineers is on page 65), and by the end of the 
century, opticians were skilled enough to correct a wide 
range of eye defects. Benedict A Leerburger Jr 
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Man’s conquest of ma- 
chine is commonplace; ma- 
chine’s conquest of man is 
news, but when animals get 
into the act it makes you 
wonder. Last month an AP 
dispatch from England re- 
ported that a hare had lured 
11 rabbit hounds onto a rail- 
road track, then proceeded to 
hop over an electric rail. The 
dogs decided to use the rail 
as a step and electrocuted themselves. This itself might 
have been considered an accident had a fox not lured 16 
foxhounds to the same electric rail a week previously— 
with the same disastrous results. As for the fox and hare, 
they’re still roaming about the English countryside. 








NEXT WEEK IN PRODUCT ENGINEERING 


. How to Choose a Dynamic Seal 


A complete review of all the types and an analysis of each in terms of basic 
selection factors, materials and design recommendations. 


. How to Specify Dynamic Seals 


A standard form coordinates the work of customer and manufacturer, and 
simplifies even the most complicated seal problem. 


. SCR’s vs Thyratrons 


An evaluation of the controversial questions raised at New York’s recent AIEE 
convention. 


. Reinforced TFE + Moly Disulfide 


For dry bearing surfaces these oriented glass fibers make the Teflon strong, 
and the solid lubricant keeps it slippery. 


. Flange Design—7 Versions 


Here’s how collared, extruded or dimpled flanges solve many problems commonly 
found when working with sheetmetal. 
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An example of Avisco Rayons in Industry 
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What do you want to filter better? 


Many people who make or use filters are discovering 
that they can do a better job of filtering for less 
money with filters of Avisco® rayon. The diameter 
of man-made Avisco rayon fibers is so closely main- 
tained that filter micron ratings can be held to meet 
most filtration specifications. So, whether you're 
interested in the filtering of liquid foods, oils, air, 
lacquers, paints, smoke, water, liquors or lotions— 
whether you are manufacturing filters by the wet or 
dry system—look into Avisco rayon fibers. Fill out 
and mail in the Quick Reply Coupon. 





— Scoasllanenlinmediiosnatiininentiametinestiametnan | 


QUICK REPLY COUPON 7-4 


Industrial Merchandising Division 

American Viscose Corporation 

350 Fifth Avenue, New York 1, N.Y. 

Please contact me about Avisco Rayons for use in the 
following application: 





Name 





Company 





Address 





Zone State 








AVISCOMRAYON 


AMERICAN VISCOSE CORPORATION, 350 Fifth Avenue, New York 1, N.Y. 


PRODUCT ENGINEERING + MARCH 13, 1961 


CIRCLE 5 ON READER SERVICE CARD 5 





New angle on 
fracture failures 

In creep-rupture tests, it has been 
found that specimens sometimes fail 
at their strongest (thickest) point— 
in the fillet-reinforced area rather than 
the thinner sections where, presum- 
ably, the stress is higher. 

Now, Naval Research Lab scien- 
tists have come up with findings that 
may explain why. 

In one series of tests, at a stress of 
2600 psi, 4-in.-dia nickel specimens 
showed a rupture life of more than 
2500 hr at 1500 F, while 2-in. speci- 
mens failed in less than 75 hr. At 
3000 psi, the smaller specimens lasted 
nearly 60 hr; the larger, less than 48. 

Such failures, they note, occur only 
in air—never in vacuum—and only un- 
der conditions where stress is low and 
temperature fairly high. Yet these are 
conditions under which, normally, 
rupture strength is higher in air than 
in vacuum. 

One possible explanation: In_ air, 
at temperatures in the 1500-F range, 
an oxidation-strengthening occurs 
which has relatively deeper penetra- 
tion and therefore greater effect on 
thinner sections than on thicker ones. 

Preliminary tests appear to confirm 
this theory; and metallographic studies 
of crack patterns show that fracture 
generally occurs in sections contain- 
ing extensive oxide-free (internal) 
cracks, rather than in the thinner sec- 
tions where the cracks reach the sur- 
face and are oxidized. Further studies 
of the phenomenon are now in prog- 
ress, and a report will be prepared 
when they are complete. 


Machining may cause 
polymer breakdown 

evidence that mechanical 
forces as well as thermal and chemical 
attack can degrade plastics comes 
from a study at the Soviet High 
Polymer Institute. 

Lathe-turning was used as the 
degradation method, and care was 
taken to hold the materials (acrylics 
and polystyrene) at room temperature. 
Say Academicans M. P. Vershina and 
Y. V. Kuvshinskiy: 

The degree of degradation depends 


New 


on the thickness of the chips, the 
cutting rate, and the molecular weight 
of the initial polymer; and rate of 
degradation increases as chip thickness 
increases. There do seem to be limit- 
ing factors, though, perhaps traceable 
to diffusion effects, which cause a de- 
crease in rate of degradation with 
time. A report on the study appeared 
in Vysokomolekulyarnyye, Vol. 2, 
#10, p 1486. 


Burning of metals 
gets top attention 

What makes metals burn? The an- 
swer is important not only for missiles, 
but also for other high-temperature 
processes, and a good deal of new 
light is being thrown on the subject. 

At this week’s NACE meeting, 
C. J. Sterner and A. H. Singleton of 
Air Products will describe their work 
on evaluation of the impact-ignition 
sensitivity of titanium and aluminum 
alloys in liquid fluorine. They’ve found 
aluminum has little or no tendency 
to ignite, but titanium is quite sensi- 
tive. The tests show, however, that 
the geometry of the striking surface 
plays a major role in promoting igni- 
tion, and the tendency can be mark- 
edly reduced or increased by altering 
the configuration of the striker. 

Their conclusions confirm an earlier 
report by L. E. Dean and W. R. 
Thompson of Aerojet-General, who 
also found aluminum has little or no 
tendency to ignite in air, oxygen or 


carbon dioxide at temperatures below 
its melting point; while titanium will 
burn rapidly in all three, igniting at 
temperatures of 1250 to 1650 F. 

They also note that steel alloys with 
no nickel will ignite below their melt- 
ing points (generally in the 2000 to 
2700 F-range); but nickel-bearing 
steels and nickel-base alloys rarely ig- 
nite until their melting point is 
reached. The same is true of many 
cobalt alloys. 


They strip away danger 

Best strippable coatings for decon- 
tamination of lab equipment and 
other surfaces that may collect hazard- 
ous substances turn out to be two 
widely used materials developed for 
entirely different purposes. 

Reporting to the Atomic Industrial 
Forum, three Los Alamos scientists 
said that after testing all sorts of 
paints, soaps, and soluble plastic films, 
they found the two materials most 
adaptable for efficient, remote removal 
of radioactive and other hazardous 
materials were a transparent marking 
ink used in brush-type pens, and an 
electrical sealing compound, made in 
England, but available through labora- 
tory supply houses in the US. The 
latter is dissolved in an organic sol- 
vent for use, while the ink is already 
in the proper consistency. The mate- 
rials are relatively inexpensive, easy 
to use, and resistant to water and acid 


fumes. —ARG 





New contact device 
uses hi-temp metals 


Tantalum, tungsten and molybde- 
num help maintain good electrical 
contact during high-temperature op- 
erations in this system, designed for 
sinter-processing at Fansteel Metal- 
lurgical Corp. The molybdenum, in 
the form of a machined cylinder (sce 
diagram) makes sliding contact with 
copper strips attached to the water- 
cooled base plate, while a tantalum- 
tungsten spring maintains pressure on 
the part being sintered. Fansteel says 
the device operates satisfactorily in 
vacuum and inert-gas atmospheres at 
temperatures to 4900 F. 
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ELECTRIC DRYERs 


EVERYWHERE 


You won't have to look far to find an AMP-lok Multiple Circuit Connector. AMP-lok connectors have been used 
for the most diverse applications . . . for disconnecting multiple leads on—television deflection yokes, phono- 
graph turn tables, electric ranges, washer and dryer control panels, and automotive instrument panels. 


There are good reasons for the growing use of AMP-lok: It is available in 3, 4, 6, 9, or 12 circuit combinations. 
Attachment and assembly speeds run to thousands per hour. Uniform, reliable electrical characteristics are 
assured through AMP’s compression crimp method. Automated techniques reduce total installed cost. 


Versatility, reliability, economy and outstanding assembly speed—these factors explain why millions of AMP- 
lok connectors are being used everywhere. If you aren’t using them for your circuit requirements, send today 
for more information. 


AMP INCORPORATED 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


A-MP products and engineering assistance are available through subsidiary co:npanies in: Australia *« Canada « England « France * Holland « Japan 
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Major design change improves pressure switches 3 ways 


Greater accuracy, lower cost, and flexibility of design are three advantages claimed 
by Barksdale Valve Corp for a new line of pressure switches soon to be introduced. 

Interchangeable components—capsules and contact elements—which can be attached 
to a standard body permit an almost infinite variation in design and also open the way 
to mass-production techniques (die-cast frames, for instance) that promise substantial 
reductions in cost. Furthermore, the new production methods—including automatic 
welding—promise to hold accuracy within 0.2%, as compared to the usual 1.0% or 
more. The switches can be used in all the standard applications—protection of hydraulic 
circuits, filters, compressions, and the like. 


Electrical conductors improved by hi-temp design 


For operation at 700 to 2000 F, Rockbestos Wire and Cable Co (Div of Cerro Corp) 
is developing miniature lead wire that incorporates a number of advanced material and 
design ideas. In one type, a stranded nickel-clad copper conductor is wrapped with 
glass-reinforced mica tapes and then covered with PTFE (fluorocarbon resin coated) 
braid protected by a special fluorocarbon enamel finish. In another, rated for short- 
term use at 1000 to 2000 F, the center layer is a flexible inorganic fibrous insulation. 
Now under evaluation are several new constructions, some using experimental high- 
temperature inorganic papers, which, it is hoped, will extend both the operating range 
and the time of service at high temperatures. 


The latest on castings—bigger, purer 


High-purity tungsten, and several new metal alloys are now being skull-cast at Oregon 
Metallurgical Corp—some commercially and in large sizes, others still on an experi- 
mental basis. The high-purity tungsten falls in the latter category. But Oremet has 
successfully produced large (240-Ib) missile-nozzle castings. 

Meanwhile, 98% tungsten castings, as well as 85-16 tungsten-moly shapes in sizes 
to 10 in. dia and weights to 220 Ib are now on a nearly commercial basis. The com- 
pany also claims the record-breaker among pure vanadium centrifugal castings: a 14-in., 
60-lb ring; and is making 24-in. columbium alloy and molybdenum rings. The rings 
are not finished products, but are designed to be split and rolled to sheet. They are 
easier to fabricate than ingots, Oremet says. 


New moldable, self-lube compositions tested for bearings and seals 


Epoxy-resin compositions contain- 
ing up to 80% molybdenum disul- 
fide are under test for bearings, 
seals and friction strips. 

One type developed by Molykote 
Produktionsgesellschaft (affiliate of 
Alpha-Molykote), is said to be 
readily castable, and machinable 
to close tolerances (see photo). 
The other, by P E Thomas of Ash- 
stead, Surrey, England, is a 3-way 
combination. First, partly poly- 
merized epoxy resin and molydisul- 
fide are mixed together and ground 
to powder. Then PTFE (fluoro- 
carbon plastic) resin is added to 


the mixture, and the composition BEARINGS AND WIPERS made of new plastic 
is extruded into rods and cured. compositions lubricate themselves. 
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Simplified plasma torch offers high stability 


An induction plasma torch that | 
consists simply of a conventional 
rf power supply, a solenoid coil, 
a gas source, and a set of con- 
necting tubes, has been designed 
by T. B. Reed of MIT’s Lin- 
coln Laboratory. 

As described by J. A. Kessler 
and R, G. Eldridge of the lab, 
the electromagnetic field of the 
coil ionizes the gas in its tube, 
creating a plasma that will 
achieve temperatures as high as 
20,000 K (about 40,000 F) with 
a power supply of only 3 kw. 
Furthermore, as little as 500 w 
will maintain the induction 
plasma, and almost any gas or 
mixture of gases (oxygen, nitro- INDUCTION TORCH operates on 4-mc power supply, propels 
gen, argon, hydrogen, etc) maj high-temperature jet that can be used for cutting, melting, or 
be used. crystal-growing (as at right). 








New coatings are transparent, boilable, solvent-resistant 


Coatings based on dialdehyde starch (PE—Apr 27 '59, p 20) now show promise for 
both protective and decorative use, USDA researchers report. These are acetal-type 
finishes that will resist attack by acetone, ethyl alcohol and sulfuric acid, are unusually 
hard, and stand boiling for periods as long as 10 hr. Furthermore, they can be 
produced at normal pressures and temperatures only slightly above 100 F. They’re 
not yet in commercial production, but USDA’s Northern Div Laboratory (Peoria) says 
they are ready for evaluation. 


Better heating-element alloys being developed in India 


Electrical-resistance alloys that show a higher electrical resistivity than Nichrome, yet 
contain little or no nickel or cobalt, are claimed by India’s National Metallurgical Lab- 
oratory. They're iron-chromium-aluminum combinations with varying amounts of 
manganese, silicon, titanium, and zirconium. Additions of misch metal (rare-earth) 
mixtures “have also been found to be very beneficial.” The alloys are readily hot-rolled, 
though there have been some difficulties in wire-<drawing; but NML believes these can 
be overcome. (For news of other low-nickel alloys being developed in India, see PE 
Dec 12 ’60, p 8 and Dec 19 ’60, p 9.) 


Hi-temp insulation readied for vapor-deposited circuitry 


As insulation for high-temperature printed circuits of the type made by evaporation 
of metals, Technology Instrument Corp is developing a process for applying thin silicon 
monoxide coatings by the same technique. The process is said to produce coatings 
that have excellent insulating properties, though they are barely 1000 angstroms thick. 


These compounds will boost flame resistance 


Plastics and resin coatings that show increased flame resistance without loss of basic 
chemical, physical, and electrical properties, are promised by a new group of halogen- 
phosphorus compounds recently announced by Monsanto Chemical. 

Resins compounded with the new additives, Monsanto says, show good stability; 
and, while not water-white, are light in color and have little odor. 

The compounds are now being evaluated by resin and fiber producers, and first reports 
are very good. But, Monsanto says, it will probably be late this year before sufficient 
data is on hand to guide commercial formulation. —ARG 
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new - 


a LINE of 500 psi quality steel swivel joints 


APPLY THIS ECONOMICAL 


CHIMSAM ‘svivcisonr ® 


TO A WIDE RANGE OF LINE 
FLEXIBILITY NEEDS 


Equally effective on lines handling water, hot liquids, fuels or gas, the 
new Chiksan LFS series joint has many features to commend its use. 
Sweep radius minimizes flow turbulence. Bearings are factory lubri- 
cated—usually sufficient, in normal service, for the life of the joint. 
In-stream packing is not affected by line surge or vacuum conditions. 
Fabricated from carbon steel, LFS series swivel joints have a tempera- 
ture rating of 225°F and up to 400°F with Viton A packing. Available 
in sizes of 114” to 4” in eight basic configurations. For more facts on 
this economical Chiksan LFS series joint, please request Bulletin 11-60. 


: HUSA 


CHIKSAN COMPANY—General Offices: Brea, California +» Well Equipment Mfg. Corp. Divisi on (Weco Unions, Hamer Valves) * Chiksan International * Chikson of Canada Ltd 
Offices and Representatives in Principal Cities of the World 
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Designing a machine? 


Let your local 
Gates Engineer 
Prove Super HC 
Drives save space, 
weight, money 


If you are designing a new machine or re- 
designing one for better performance, your 
local Gates Field Engineer will be glad to 
help you. He can show you how to take 
full advantage of the many opportunities 
offered by Gates Super HC High Capacity 
Drives. 

Ask him to design a drive for your ma- 
chine two ways: a conventional V-belt drive 
and a new Gates Super HC High Capacity 
V-Belt Drive. A quick comparison will show 
you many of the important savings pro- 
vided by the new Gates drive. 

Manufacturers everywhere have stand- 
ardized upon the Gates Super HC V-Belt 
Drive—industry’s first and most advanced 
high capacity drive. It is your best assur- 
ance that your power transmission unit 
will not soon become obsolete. 

Your local Gates Field Engineer is an 
experienced, fully-qualified drive design ex- 
pert. Contact him for drive design help. 
The Gates Rubber Company 


Denver, Colorado 


L 


CONVENTIONAL 























Gates Super HC Drives 
give you these benefits: 


Handles up to 3 times more 
horsepower than conventional 
V-belts in the same space. 


Saves up to 50% in drive space. 
Reduces drive weight 20% 

and more. 

Cuts drive costs as much as 20%. 
Reduces bearing load, increasing 


bearing life. 
Building 


the future on 
50 years of 
progress 


Guards and machine housings 
can be smaller, lighter weight. 


Belt speed up to 6000 ft/min 
possible without dynamic 
balancing. 


Less costly, higher speed motors 
can often be used. 


BP-11 


Gates Super HC V-Belt Drives 


PRODUCT ENGINEERING - MARCH 13, 1961 


CIRCLE 11 ON READER SERVICE CARD 


11 





Navy presses for intercontinental Polaris 


The Navy won’t admit it officially, but a move is underway to extend range of the 
Polaris missile to 5000 mi. Though only a paper plan, without Defense Department 
approval, top Navy brass are pressing a bid for such a missile. 


Unofficially labeled the A-5, the long-range version would follow the 1500-mi A-2 
and the 2500-mi A-3 missiles now under development. Navy plans to extend the 
range of its current A-1, 1200-mi Polaris, to 1500 mi by early next year and have 
the 2500-mi A-3 version in service by 1964. 


Some observers say a 5000-mi version of the Polaris could be developed by around 
1970. A big advantage of such a missile is that it would double the operating areas 
of the Polaris-toting nuclear-powered submarines. This would greatly increase their 
ability to remain undetected by enemy forces. 


Navy also plans to use a beefed-up Polaris to put satellites into orbit. Known as 
project Sea Scout, the vehicle would be used for ocean launchings of satellites, such 
as the Navy’s transit navigation satellite. 


The advantage of such launchings is that they could be made from geographically 
ideal sites rather than limited to Cape Canaveral or the Pacific missile range on the 
West Coast. 


Missile launchers go on aluminum diet 


Weight added to the Minuteman mobile railroad launchers is forcing a materials 
substitution. Weight comes primarily from extra equipment, such as air-condition- 
ing units, that have been added to the rail cars. 


The extras have added about 20% to weight of the railroad cars, and have 
required designers to substitute aluminum wherever possible. Each car must be 
trimmed to about 300,000 Ib for final production models. Work is now progress- 
ing on the second of the five development cars slated for the Minuteman program 
before production begins. 


Maritime Administration calls for better ballast pump 


The Maritime Administration has called for proposals for a new oil and water 
separator. The agency is asking for a feasibility study, design criteria and a pilot 
model. Offerings must be submitted to the agency by April 20. 


The pump that the Maritime Admin is after is needed to prevent pollution of 
the ocean when merchant ships pump ballast. It must be compact, simple in design 
and operation, and constructed for minimum maintenance and operating care. 
Oil separated from sea water would be recovered and made suitable for burning in 
ship’s boilers. 


Air Force issues Space Age dictionary 


The Air Force has put out a new glossary of missile and space terminology. ‘The 
75-page booklet lists some 1300 terms and definitions ranging from “ablating 
materials” to “zuni.” It is the most comprehensive list published to date in the 
field. ‘Titled Interim Aerospace Terminology Reference, the publication is avail- 
able from the Office of Technical Services, US Dept of Commerce, Washington 
25, DC. Order PB 161913, Price $2. 
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uN CW and 


important 


A P&B ae 


KHP SERIES SHOWN ACTUAL SIZE 


having rare longevity 


This small, 4-pole relay has the happy faculty of maintaining its original operating 
tolerances over an exceptionally long life. Example: tests (by customers!) show this 
relay has variations in electrical characteristics of less than 5% after more than 100 
million operations. 

But that's far from all. This is a smai// relay . . . about a one inch cube. This relay 
is easy to install using the conveniently spaced solder lugs or a socket. Thus you 
save time and production costs. This relay is versatile . . . its 4PDT contacts will 
switch loads from dry circuit up to 3 amperes. This relay—well, why not order samples 
and see for yourself! Order today from your P&B representative or call us at Fulton 
5-5251, in Princeton, Indiana. 


/'6" HIGH NUMERALS -RAISEO 005 APPROX 

















\03-4enc-2a 
THREAD 


KHP SERIES SPECIFICATIONS 
CONTACTS: 
Arrangement: 4 Form C, 2 Form Z 


Material: %)” dia. Silver standard. Silver cad- 
mium oxide and gold alloy availabie 

Rating: 3 amps @ 30 volts DC or 115 volts AC 
resistive for 100,000 operations 

COILS: 

Resistance: 11,000 ohms max 

Temperature: Operating Ambient: —45°C. to 
+70°C 

Power: 0.5 watts min operate @ 25°C. 0.9 
watts nom. @, 25°C. 2.0 watts mox. @ 25°C 


TIMING VALUES: 

Nominal Voltage @ 25°C. Max. Values 
Pull-in time 15 ms 
Drop-out time 5 ms 

INSULATION RESISTANCE: 1500 megohms min 

DIELECTRIC STRENGTH: 

500 Volts RMS 60 cycles between contacts. 

1000 Volts RMS 60 cycles between other elements 

MECH. LIFE: In excess of 100 million cycles 

SOCKET: Solder lug or printed circuit terminals. 
Available as accessory 

DUST COVER: Standard. 

TERMINALS: Solder lug and taper tab 


P&B STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL ELECTRONIC PARTS DISTRIBUTOR 


POTTER & BRUMFIELD 


DIVISION CF AMERICAN 


IN CANADA: 


MACHINE & FOUNDRY COMPANY @ 


PRINCETON, INDIANA 


POTTER & BRUMFIELD, DIVISION OF AMF CANADA LIMITED, GUELPH, ONTARIO 





Before the development of the constant velocity 
universal joint, transmitting uniform rotary motion 
through a varying angle from shaft to shaft was 
unsatisfactory at best. Now this type of joint has 
hundreds of successful applications, including 
marine and aircraft, road building and mining 
machines, and machine tools. And with Dana 
Corporation’s Con-Vel Division Rzeppa universal 
joints, motion transmission is virtually vibration- 
free. Their disc-type double joint, made from two 
forged and machined single units coupled together, 
had one probem—high manufacturing cost. Dana 
wanted to reduce this cost while maintaining quality. 

After consulting with Timken Company metal- 
lurgists, Dana redesigned and switched to Timken® 
seamless steel mechanical tubing for the double 
outer race of the disc. Savings were immediate and 


sizable. With the tubing, there’s no hole to drill, 
less machining. Quality was maintained and 
strength actually increased because of the fine 
forged quality of Timken rotary-pierced tubing. 

Find out how versatile Timken seamless steel 
tubing—targeted during manufacture to your end 
use—can save you time and money on your hollow 
parts. Write: The Timken Roller Bearing Company, 
Steel and Tube 
Division, Canton 
6, Ohio. Cable: 
‘*TIMROSCO”’, 
Makers of Tapered 
Roller Bearings, 
Fine Alloy Steel 
and Removable 
Rock Bits. 


Fine 
Alloy 


TIMKEN ALLOY STEEL AND SEAMLESS STEEL TUBING ARE AVAILABLE FROM STEEL SERVICE CENTERS IN 44 CITIES IN THE UNITED STATES 
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Government Patent Policy Called Sound by Independent Study 


Wasuincton—An independent study 
of the government’s controversial 
patent policies has found that they 
are working reasonably well and that 
there is no urgent reason to alter 
them now. The report was made for 
the General Services Administration 
(the government’s purchasing and 
housekeeping agency) by the Patent, 
Trademark and Copyright Foundation 
of George Washington Univ. 

The crux of the controversy is 
whether title to patents resulting 
from government-financed research 
should be assigned to the federal gov- 
ernment or retained by the company. 
When title is assigned to government, 
the administering agency usually li- 
censes inventing companies to produce 
the item. This practice is generally 
followed by the AEC. 

When title is retained by the com- 
pany, the government gets an unre- 
stricted, royalty-free license, empower- 
ing it to find producers for the item. 
This practice is generally followed 
by the Department of Defense. 

The study found that controversy 
over who should hold patents is rais- 
ing a tempest in a teapot, because rela- 
tively few patents have emerged from 
government R & D. Though the US 
financed over half of all R & D be- 
tween 1946-59, this effort yielded only 
32,000 patents. During the period, 
527,000 inventions were covered by 
patent. 

At present, the differing policies 
followed by Defense and the AEC are 
fairly well tailored to their individual 
needs, the study finds. A uniform 
policy imposed on the agencies might 
limit their flexibility in dealing with 
contractors. 

According to the report, the policy 
followed by the Dept of Defense is 
appropriate when the government is 
dealing with a broad range of tech- 
nologies and is primarily interested in 
obtaining better equipment. The 
policy enables industry to commer 
cialize inventions resulting from gov 
ernment R & D. 

In the postwar period, about 23,000 
patents have been assigned to private 
owners, mostly by the Defense De- 
partment. Actually only a small pro- 
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portion of them—perhaps 13%—have 
produced commercial outcroppings. 
The only major commercial utilization 
uncovered by the authors was found 
in a university. Nevertheless, the re- 
port found industry firm in the belief 
that patent rights are bait that helps 
attract R & D talent to government 
projects to advance technology. 

The title policy followed by the 


AEC is useful where a government 
agency seeks to foster and guide de- 
velopment of a new industry. The 
report says that perhaps only a strong, 
tough-minded agency pushing a new 
technology can best serve public in 
terest by retaining title to patents. 
The AEC has acquired title to about 
2500 patents and issued production li- 
censes for about 1350 of them. Con 


Column Buckling Checks Column Strength 


A new analytical method for determining the compressive strength of columns 
at high temperatures, and based on short-time, stress-strain properties of mate- 
rials, is enabling Battelle Memorial Institute metallurgists to predict the stiff- 
ness of columns under conditions encountered by aircraft and missile structures. 
Previously, it had been impossible to predict the properties of a column in which 
metal creep caused the shape to change continually. With the equipment shown 
above, validity of the analytical technique has been confirmed by applying 
compressive loads up to 2000 lb to columns at temperatures of 325 F. Program 
is sponsored by the US Air Force Aeronautical Research Laboratory. 
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tractors have retained title to another 
700 inventions, most of these out- 
side the atomic field. 

But the report warns that AEC 
policy is primarily suitable to a nascent 
industry. Once an industry approaches 
commercial stage, retention of patents 
by government may slow development. 
The report adds that AEC’s adminis- 
tration of patents may be somewhat 
rigid. Scattered evidence suggests that 
a few contractors have refused AEC 
contracts or have failed to press ahead 
with developments as rapidly as pos- 
sible. 

The charge that a policy of per- 
mitting companies to retain patents 
leads to industrial concentration is 
unfounded, the report states. Such 
concentration is said to derive more 
markedly from initial R & D expen- 
ditures than patent policy. Further- 
more, the report finds evidence that 
some vigorous and progressive small 
companies have benefited from the 
policy. 

The report was written by Donald 
Stevenson Watson and Harold F. 
Bright. Arthur E. Burns served as 
consultant. 

A similar study recently made of 
the patent policies followed by the 
Department of Health, Education and 
Welfare likewise found no need for 
serious change. This study suggested 
that government retain all rights to 
products developed through use of 
federal funds. This is already HEW 
policy, except for the cancer chemo- 
therapy program. a 


Variable Vanes Spark 
New Chrysler Turbine 


Detroir—A variable-pitch nozzle sys- 
tem which directs hot gases against 
turbine blades has been designed into 
a new gas turbine engine by Chrysler 
Corp. The new system enables the en- 
gine to generate 140 hp, and achieve 
increased efficiency at “low” speeds. 

The 2-stage turbine uses hot com- 
bustion gases to spin two turbine 
wheels at speeds of 45,000 rpm at 
temperatures of 1700 F. Weighing 
approximately half that of a cast iron 
engine, the new powerplant is started 
by its own high-speed, battery-powered 
starting motor. Intake muffling is said 
to be satisfactory with exhaust re- 
ported cooler than that of comparable 
piston engines. . 


Same Machine Straightens, Die-quenches Mill Shapes 


A O Smith Corp of Milwaukee. 
This new technique is aimed espe- 
cially at truck-frame designs, where 
the need for weight reduction has led 
the industry to aluminum or expen- 
sive high-strength steels. 
According to A O Smith engineers, 


MitwavukeE—Straightening and dic- 
quenching of channels and other mill 
shapes—which will permit use of rela- 
tively inexpensive materials in sim- 
plified designs for many structural 
members—is now done simultane- 
ously in a new machine developed by 


Robot Arm Lends a Hand to Production 


Designed to speed factory production and cut costs by taking over repetitive 
routines, Unimate, designed by the Consolidated Diesel Electric Corp, Stam- 
ford, Conn, duplicates the functions of the human arm. A magnetic memory 
drum, which can remember 200 sequential commands, directs the arm according 
to stored information: To teach Unimate a task, the hand is led to the desired 
positions by applying finger pressure to white buttons on the learning controls 
temporarily attached to the hand. Endpoint of each movement is recorded by 
pushing the “record” button held by teacher. Memory drum’s surface consists 
of segments of magnetic material which can either be magnetized or demag- 
netized in a pattern conforming to recorded instructions. In operation, drum 
steps from position to position and awaits signal that arm is in correct location 
before continuing. Hydraulically operated arm telescopes from 3 to 7 ft, sweeps 
220° in a horizontal plane and 60° vertically. It can lift up to 75 1b from within 
4 in. of the floor to 90 in. above floor. Machine can be moved with a fork lift 
truck, has variety of “hands,” and sells for $25,000. More details in next 
week’s Product Design section. 
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inexpensive intermediate-manganese 
steel is heat-treated to produce high- 
strength structural members such as 
truck side rails. These rails, heated 
to 1650 F, are transferred from the 
furnace to the die-quenching machine, 
where dies automatically straighten 
them while still in the plastic range. 
The machine holds the rails here dur- 
ing a forced quenching cycle. Straight- 
ening of the rails while in the plastic 
state eliminates residual stresses. 

Later, the quenched members are 
drawn to a hardness of 280 to 285 
Brinell. Properties then are 117,000- 
psi yield strength, 127,000-psi ultimate 
tensile strength and 17% elongation. 
These compare favorably with the 
properties of more expensive alloy 
steels such as SAE 8620. 

Before the new die-quenching ma- 
chine was developed, side rails and 
other structural members would warp, 
bend and twist during heat treatment, 
requiring expensive hand-straightening 
operations. 

—Felix Giordano, Regional Editor 


Metric System on Horizon 
for British Currency, Weights 


Lonpon—Pressure for the adoption of 
a decimal system in Britain to be ap- 
plied to currency, and perhaps for 
weights and measures too, is growing. 

A pamphlet issued by PEP, Political 
Organization and Planning, said deci- 
malization of British currency and 
measure is inevitable within 50 years. 
PEP urged a switch to the metric sys- 
tem, pointing out that in coinage the 
longer the delay, the greater the ex- 
pense; while in the matter of weights 
and measures, the longer the delay, 
“the heavier the handicaps to exports, 
particularly of high conversion-value 
goods such as precision engineering- 
instruments and machine tools.” 

The Federation of British Indus- 
tries has written the Board of Trade 
urging that Britain adopt decimal 
coinage as “an essential step toward 
the use of the metric system of weights 
and measures.” 

In Parliament, a Conservative mem- 
ber has submitted a motion with all- 
party support urging the government 
to introduce a decimal coinage system 
at an early date. The Commonwealth 
Prime Ministers Conference _ this 
month will consider such a system for 
the UK and the Commonwealth. & 
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FLOATING BOLT is made of beryllium; its submerged companion is titanium— 
a rival light metal. They are submerged in a water solution of silver nitrate. 
Titanium weighs about 2% times as much, but its shear strength on a pound- 
for-pound basis is only about 2/3 that of beryllium. 


Beryllium Bolts Vie for Space Age Jobs 


JENKINTOWN, PenNA—Beryllium, the 
wonder metal that was expected to 
revolutionize the aircraft industry 
some 30 years ago, may do it today 
for the space industry. Bolts, nearly 
twice as strong, on a pound-for-pound 
basis, as the best comparable stecl 
bolts, are being produced by Standard 
Pressed Steel Co here. 

Translated into a space accomplish- 
ment, this means that 1 lb of beryl- 
lium bolting can replace 2 Ib of steel 
in a missile or satellite. At present, 
the cost of hurling 1 Ib of payload 
into orbit is estimated at $1 million. 


BRITTLENESS A BOTTLENECK 


Heretofore, brittleness has _pre- 
cluded the use of beryllium for fas- 
teners. But research at SRS has shown 
that brittleness is caused by notch 
sensitivity—sensitivity to surface dis- 


continuities After identifying the 


problem, engineers have overcome 
much of it by eliminating microscopic 
surface scratches that occur during 
fabrication and by strengthening the 
notches that are necessary, such as 
head and thread (PE—Nov 14 ’60, 
p 75). 

A chemical surface finish is used 
to eliminate detrimental scratches that 
occur during finish grinding. And 
notches are strengthened by designing 
bolt threads with unusually large, 
rounded-root radius—14 to 24 times’ 
conventional rounded roots. 

Application of the chemical finish 
is said to improve transverse ductility 
of the fasteners so that bolts triple 
their normal strength in a double- 
shear configuration. Minimum shear 
strength is put at 60,000 psi. Fatigue 


continued on page 20 


17 





DUCTION = ™« 


“DYNA 


After four full years of development and test— Fewer controls make it easier for the operator— 
both in the lab and in the field—Dynarower yet he'll have better control plus faster, smoother 
response, DynapoweR—the “two-way” transmis- 

sion—reduces brake maintenance because service 

brake needs are handled by the transmission— 


tems are available with controls to handle almost 
every need—in plant as well as vehicular. Trans- 


wert epee __anfsion output can be governed with any ofthe 
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practical hydrostatic transmission systems for off-rogc¢ 


POWE 


t fa 
TRANSHISSIDM SHR 


\\( 





This DYNAPOWER hydrostatic transmission system uses 
a separate axial piston hydraulic pump and motor to 
produce torque as required up to 250 lb./ft. The variable 
pump provides an infinitely variable speed ratio and 
displaces a maximum of 4.5 cu. in./rev. The transmission 
is rated at a normal 60HP but handles peak requirements 
up to 9OHP, 





ADVANTAGES 


No Clutches or 
Gear Changers 


wit DVNAPOWFR |": 


Faster, Smoother 

following: manual control, hydraulic servo control, constant speed con- Response 

trol, constant HP control, pressure compensator control, hydraulic servo | Full Torque at Low 

control with pressure compensator override, temperature sensing control. Engine RPM 

Dynapower hydrostatic transmission systems are ready to work for you. Red abate kK 
educed Brake 


Maintenance 
Simplicity of 
Operation 


To know more about DYNAPOWER, write to: 


WATERTOWN ovwvisiox 


THE NEW YORK AIR BRAKE COMPANY 
| 113 STARBUCK AVENUE © WATERTOWN, N.Y. 











>»? 
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continued from page 17 

strength is also said to be raised to 
40,000 psi, making them capable of 
good structural performance under 
dynamic loading. 


FORESEE NUCLEAR APPLICATIONS 
While initial applications of beryl- 
lium bolts are expected in the missile 
program, SPS anticipates many other 
applications for the light metal. The 
material has outstanding nuclear prop- 
erties; its high thermal conductivity 


Moldable Urethane Rubber 


PittspurcH — Abrasion-resistant ure- 
thane elastomers have not been speci- 
fied as widely as they might be be- 
cause, until recently, all parts had to 
be made by a costly, time-consum- 
ing, liquid-casting technique (PE— 
Sep 16 ’57). Now, fully compounded 
and partly cured urethanes are avail- 
able which can be injection-molded 
or extruded on conventional equip- 
ment to give elastomeric end products 
like the automotive parts shown below. 
One of the new compounds is Texin 
192 A, moldable urethane developed 
by Mobay Chemical Co. An extrud- 
able grade, Texin 280 A, has also been 
developed. Work to date on the new 


makes it a good heat sink material; 
and its resistance to atmospheric cor- 
rosion equals that of aluminum. Beryl- 
lium also has a higher melting point 
(2350 F) than most other light 
metals. 

At present, bolts are available in 
standard shear bolt configurations 
through # in. dia. According to com- 
pany representatives, SPS is confident 
that it can develop a tension bolt for 
wider applications in the very near fu- 
ture. ® 


for Mass Production 


compounds, available in developmen- 
tal quantities, has not yet established 
whether post-curing is necessary to ob- 
tain all ultimate properties as it is for 
cast urethane elastomers. The brief 
property data tabulated below are for 
material post-cured for 16-24 hr at 
230 F. —Ford Park 





Properties of Molded and 
and Extruded Urethanes 


Type Type 
192A 280A 
Hardness, Shore A 92-94 80 
UTS, psi 4400 5500 
Elongation (break, % 600 600 
Elongation set, % 45 30 











AUTOMOTIVE PARTS of cast urethane rubber are used on many foreign cars. 
Selection above includes: door latch shock mount (upper left), sleeve bushings 
(upper center and center), grease seal (upper right), door latch spring and door 
latch (center), ball and socket joint (lower left), and grease fitting (lower 
right). Parts that can be cast, says Mobay, can be injection molded or extruded. 


Dummy Engineer Shows How 
Companies Handle Recruiting 


New Yorx—Here’s confirmation for 
the oft-heard plaint that many com- 
panies with intensive engineering-re- 
cruiting programs either fail to answer 
resumes or do so in a_ perfunctory 
way. The validation comes from a 
survey of recruitment practices fol- 
lowed by 100 US corporations. It was 
conducted by the Equity Advertising 
Agency here. 

The agency pollsters pulled a spoof 
on the surveyed companies. First, they 
created an imaginary engineer with 
high educational qualifications: an 
MS degree in electrical engineering 
from a school generally ranked among 
the nation’s 10 best, plus supplemen- 
tary graduate studies in physics. Upon 
completion of his MSEE, the imag- 
inary engineer joined a large East 
Coast electronics firm, where he sup- 
posedly rose from junior engineer to 
group leader, supervising 8 profes- 
sionals and several technicians dur- 
ing his 9-year employment. He was 
pictured as being in his mid-thirties, 
married and enjoying robust health. 

Next, Equity worked up an appro- 
priate resume and mailed 100 individ- 
ually typed copies with covering 
letter to firms having intensive re- 
cruiting programs. (With some cun- 
ning, typist of the resume added an 
erasure or two to suggest that the 
engineer himself had typed the manu- 
script.) 


CAME THE DELUGE 


Acknowledgments began arriving 
the day after the mailing—but 3 
months later, 11 companies remained 
to be heard from. About half the re- 
plies came within 9 days; the remain- 
ing acknowledgments drifted in up 
to 38 days later. 

Companies answered by telegram 
(18), and by mail (71) including spe- 
cial delivery and airmail. Some of 
the most dilatory elected to telegraph. 
Most of the letters (42) asked the en- 
gineer to fill out an application blank; 
others asked him to arrange an inter- 
view immediately (10), or at leisure 
(2); or denied they had job openings 
(9). 

According to the report, only 17 of 
the companies showed evidence of per- 
sonal interest in the applicant through 
their replies. Generally, the personal 
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touch came from small companies, 
who were also the fastest to acknow- 
ledge the job inquiry. By far the most 
effective letter was said to have come 
from the engineering manager of a 
relatively small, but growing, com- 
pany, Moderately long, the letter de- 
scribed areas in which the applicant 
would work, along with his future 
prospects with the company. 

The bulk of the replies were found 
to follow a standardized format—ap 
proximately one-fourth ended with the 
ever familiar “Thank you for your 
interest in (name of company).” 
Fourteen companies responded with 
form letters (one was on the back of 
a post card.) With a hint of scorn, 
the survey further reported that mis- 
spellings and grammatical errors were 
common in replies and in one large, 
apparently secretary-less company, the 
signer amateurishly typed his own let- 
ter. Many of the companies included 
elaborate recruitment packages with 
four-color brochures in their replies, 
which were generally slow to come. & 


Thermoelectric Cooling Goes 


New Yorx—Thermoelectric cooling 
is leaving the laboratory and enter- 
ing commercial application. The 
Norge Div of Borg-Warner Corp is 
delivering 500 thermoelectric refrig- 
erator-freezers to Sheraton Corp of 
America for its new Chicago hotel. 

Reported cost is less than $200 per 
unit and expected operating rate is 
about 3¢ per day. The refrigerator 
freezer is 4 cu ft and freezes an 18- 
cube tray—about 24 oz of ice—in 6 
hours; requires 22 amp at 2.4 v dc. 

The thermocouple is formed of al- 
loys of bismuth and tellurium plus 
smaller amounts of an impurity cle- 
ment to get an electron flow. These 
metals, says Norge engineers, have a 
figure of merit of 3 (a rating based 
on electrical conductivity, thermal re- 
sistance and Peltier coefficients). For 
comparison, the best combination of 
metals three years ago gave a value 
of 0.6. Within three to five years, 
materials development may up the 
present value to 10 or more. 

One disadvantage of these thermo- 
electric devices is the limited tempera- 
ture difference between the cooling 
plate and ambient temperature— 
about 80 deg F. In a 90-F room, for 
example, assuming a perfect heat- 
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Commercial 


Cruises 3 Inches Above Ground 


Here’s Bell Aerosystem’s experimental version of a ground-effect machine. This 
2000-lb vehicle operates about 3 in. above ground, is powered by a 65-hp auto- 
mobile engine driving a fan mounted horizontally amidship. The fan drives 
air under the vehicle to form the pressure pocket that provides lift. Called the 
ACV (air cushion vehicle), it is controlled by metal flippers which rim the 
lower sides and regulate escape of air from beneath the craft. The 18-foot- 
long ACV is said to be capable of 15-mph ground speeds while carrying three 
passengers. It can be swung around within its own length, hover over the 
ground, and perform forward, sideward, backward and turning maneuvers. 


plate. Norge is using a fan to force 
air over the radiating fins to increase 
the heat-transfer rate. 

Sheraton believes the units will pay 
reduced mainte- 


dissipating system on the hot-junc 
tion side, the cold plate would prob 
ably be no colder than 10 F. Per- for 
formance is further affected by the 


themselves in 
nance costs and added convenience 


heat generatea by the current passing for patrons. With no compressor 01 


through the element, which is also refrigerant fluid, about the only main 


dissipated through the hot-junction tenance is pilot-light replacement. & 

















THERMOELECTRIC REFRIGERATING SYSTEM consists of a primary ac 
power supply and a secondary dc rectifier unit; 115 v ac runs the 10-watt air- 
circulating fan that cools the hot-junction fins. It is stepped down to 5% v ac 
at the transformer. Heat-pump action of the thermocouple begins when a 
constant flow of low-voltage dc passes through it. De is obtained by passing 
the low-voltage ac through silicon rectifiers, and uniform voltage is controlled 
by the filter choke. About 3.1 v is lost between the transformer and the thermo- 
couples, but sufficient power is retained to pump the heat in the insulated 
chamber through the thermocouples to the hot-junction plate and radiating fins. 
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COST OF RELIABILITY 


...with 20,000-pound heats of Republic Vacuum-Melted Metal 


Processed into billets, sheets, bar, strip, or wire, 
vacuum arc melted metals are being delivered in 
quantity, on time, at reasonable cost. 

To minimize the cost, Republic produces vacuum- 
melted metals in larger melts—4,000 to 20,000 
pounds. Integrated facilities process 18- to 32-inch 
diameter ingots into a wider range of product sizes 
and conditions than ever before possible. 

Republic’s consumable electrode vacuum-melting 
process improves mechanical properties—tensile 


strength, ductility, fatigue life, and performance at 
high and low temperatures. Precise control reduces 
nonmetallic inclusions and harmful gases. 

Our metallurgists will help you select and apply 
the vacuum-melted metal best suited to your require- 
ments: constructional alloy steel, high strength alloy 
steel, bearing steel, stainless steel, super alloy steel, 
titanium, or special carbon steel. For information, 
contact your nearest Republic sales office or mail 
the coupon. 


CONSTRUCTION ALLOY STEELS « HIGH STRENGTH STEELS e BEARING STEELS ¢« STAINLESS STEELS 
SUPER ALLOY STEELS « TITANIUM e SPECIAL CARBON STEELS 


REPUBLIC 
PH STAINLESS STEELS... 


eS Strong, Modern, Dependable 


REPUBLIC STEEL Feces conan ot 
Cleveland 1, Ohio 
World’s Widest Range of Standard Steels and Steel Products 


9 


Republic PH 15-7 MO* for missiles and aircraft offers high 
ultimate tensile strength with excellent mechanical proper- 
ties to 1000°F. Republic 17-4 PH* for shafts, gears, pins and 
other components requires only a one-hour heat treatment 
at 900°F to develop its full strength (ultimate tensile 
strength to 200,000 psi). Republic 17-7 PH* for pressure 
tanks, bellows, springs, and other applications provides 
better corrosion resistance than the hardenable grades of 
chromium stainless. Send for PH Stainless Steel Booklet. 


*Licensed under Pat. Nos. 2482096,2505763 and Trade Mark of Licensor 


REPUBLIC STEEL CORPORATION 
DEPT. PE-1590 
1441 REPUBLIC BUILDING + CLEVELAND 1, OHIO 


Please send more information on: 
0 Republic Vacuum-Melted Metals 


Name 








Company 


Address 





City Zone 











a 
POINTS OF VIEW | 
thane initeneeniinaieasiintateeiaianial = 


tHe question: When Should an Engineer's 


“Shortly after his birth . . . 


and it should continue throughout his life, for he must ever keep alert to 
scientific discoveries, technological improvements, and changes in the social, 
political, and economic climate. Engineers of today and tomorrow should 
be truly professional men whose background is characterized by the breadth 
of a liberal education and the depth of a firm foundation in mathematics and 
science. 
“Education in engineering subjects, in the application of scientific and 
economic principles to specific problems of synthesis, design, and operation, 
is dependent upon a thorough and sound knowledge of basic sciences. 
With the intensification of science training and the desire to provide a strong 
core of humanistic-social subjects, it has become desirable to postpone engi- 
neering sciences, such as fluid mechanics, solid mechanics, and thermody- 
namics, to the latter part of the undergraduate program and to relegate 
courses in the practical aspects of enginering to post-baccalaureate education. 

“In effect, then, the trend in engineering education is toward ‘pre-engi- 
necring’ on the undergraduate level, to be followed by advanced study 
and research in graduate or professional schools. In this respect, engineer- 
ing is rapidly approaching the educational pattern of medicine, law, theology, 
and other learned professions. The future of true engineering education J E McKee 
lies in the development of professional schools on the post-baccalaureate Professor of Engineering in 
level to which an applicant can be admitted only after he has had a strong Cont ay vo sir wee 

. alifornia Institute of Technology 

undergraduate program in mathematics, basic sciences, humanities, and 
engineering sciences. 





“The freshman year in highschool . . . 


when so many decide not to take algebra. It certainly is not safe to select 
any later date for beginning the educational fundation for engineering. But 
only when the shortage of college graduates revealed the number of high- 
school graduates unprepared for college, did industry and the professions 
focus attention on highschools. Only those students who have done well 
and have taken certain courses through highschool should be encouraged to 
attempt engineering or science in college. Very few sophomores and juniors 
are able to make up courses they should have taken earlier. 

“But do enough students graduate from the eighth grade with adequatel; 
developed abilities in arithmetic, reading, and communications? Beyond 
technical ability and skills, essential qualities of personality and character 
are largely established by then. And how highly developed is motivation— 
so essential to successful accomplishment during highschool and life? Once 
more, attention must be extended to still a lower level—the elementary 
schools, if the needs for educated people are to be met. Engineers and all 
of us, as parents, citizens, or professional workers, should develop a healthy 
and sympathetic interest in cooperating with education at all levels. Teachers 
and administrators need help to: motivate students, provide better guidance 

. and planning, communicate job requirements, establish higher performance 
George A Rietz ae anaes : i ; 
CeniitedectAeainieeth Ditiettens standards, discover more effective teaching methods, and get parents and 
General Electric Co communities to accept them.” 
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Technical Education Begin? 


“Specialization can wait .. . 


The sooner in life a student begins narrowing his studies, the less his 
chances of being a really first-rate creative engineer or scientist. Obviously 
this deferral of technological education cannot go on forever and the pres- 
ent curriculum in most colleges is designed as a compromise between teach- 
ing students a workable minimum of basic science and enough engineering 
principles and practice so that they may be of some value to their employer 
shortly after graduation. Their engineering education will be continuing 
at a very high rate in the first few years of professional life. A saturation 
point will be reached for most people, depending on how intelligent they 
are, the quality of their training in fundamentals, how hard they work, and 
how much natural personal drive and curiosity they are blessed with. I 
advise against specializing until the last possible moment. I cannot empha- 
size this point too strongly to highschool] students. They should stick with 
more difficult and less descriptive courses, even though it is not immediately 
apparent to them what ev entual use is to be made of these subjects. I am ered W Panton 
sure that every practicing engineer could give many examples of some Associate prof, Metallurgical Engineering 
hitherto unused methods or ideas which have been lying dormant in the back Carnegie Institute of Technology 
of his brain somewhere for several years. The old truism about success (Winner of American Society for Metals 


; : : mn Bradley Stoughton Award as 1960's 
coming to those who are prepared for it applies very nicely here. outstanding young teacher of metallurgy 


“When the child learns the word ‘why’. . . 


‘Why doesn’t the building fall down?’ “Why does it rain, Mommy?’ 
It begins when Mommy tries to give a simple explanation, other than giv- 
ing credit to the Almighty, of why it rains. With some children, simple, 
sketchy explanations of scientific phenomena will always suffice. But with 
many others there is a natural interest in finding out more about the con 
densation of the aqueous vapor in the atmosphere. ‘This early scientific 
interest should be cultivated for the good of our nation. If we in education 
do not cultivate it, we are guilty of a grievous error. If a child has excep- 
tional musical ability we don’t stop him from advance study by saying 
that a student his age should only play ‘Country Gardens’ and should not 
attempt a Bach fugue. The same reasoning should apply to science, engi- 

neering, or any other aptitude. 
“We at the Franklin Institute acknowledge that there is some danger in 
presenting advanced subject material to students at the secondary level. 
There is always a possibility that a youngster may get the idea that he 
knows all about the subject instead of the correct impression that he has 
been through an exploratory experience. I know from personal experience 
that for the talented boy or girl the highschool years can be frustrating 
because of the slow pace of learning. Fortunately there now are many 
Robert W Neathery advanced instruction programs in secondary schools all over the country. 
Sieastes, Selened Masoum The success these graduates enjoy in college is graphic testimony that we 
The Franklin Institute have neglected the unusual student in the past. It is because of this that 
enemas ogy t 5 yt y. mel our institute feels it has a duty to provide the more-than-curious science 
such as radioisotopes) student with opportunity to explore the vastly widening scientific areas so 
that he will have a familiarity on which to build knowledge. Let's face it. 
You can’t keep youngsters away from a topic in which they have a deep 

interest.” 


PRODUCT ENGINEERING - MARCH 13, 1961 





J 


Belleville Compression Conical Die 


BO 
Ce? ae 
oy 


Energy Cartridge Gorter Hairsprings Helical Hourglass 


8 l@N\)o 


% 


Ri 


‘4 


at Ws 44 
aii 


< 





Starter Swivel End 











Variable Pitch Volute 








wervor  @nd Other things 


“where to get it” questions- 
by calling on the versatile custom-made to quality standards 
experience represented ' 
by these typical springs and 
stamped parts. Here is 
unusual ability to analyze oh 
your part from both design e 
and production efficiency and 
to make cost-saving 
contributions where possible. “**°7°!'* Game susan 
Whether your requirements 
are large or small, routine or 
extreme precision, you’ll get 
a better brand of service 
and quality from the best 
springmakers in the business. 





Fasteners Plates Retainers Stampings Terminals 





Send for ‘‘Pocket Guide to 
Springs and Other Things’’ 
—a quick picture of our 
products and services. 











Wire Forms 
6003 


Associated Spring Corporation General Offices: Bristol, Connecticut 


Wallace Barnes Division, Bristol, Conn. and Syracuse, N. Y. Raymond Manufacturing Division, Corry, Penna. B-G-R Division, Plymouth and Ann Arbor, Mich. 
F. N. Manross and Sons Division, Bristol, Conn. Ohio Division, Dayton, Ohio Gibson Division, Mattoon, Ill. 

Dunbar Brothers Division, Bristol, Conn. Cleveland Sales Office, Cleveland, Ohio Milwaukee Division, Milwaukee, Wis. 

Wallace Barnes Steel Division, Bristol, Conn. Chicago Sales Office, Chicago 46, Ill. Seaboard Pacific Division, Gardena, Calif. 
Canadian Subsidiary: Wallace Barnes Co., Ltd., Hamilton, Ont. and Montreal, Que. Puerto Rican Subsidiary: Associated Spring of Puerto Rico, Inc., Carolina, P.R. 
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8 position 


1/25 sec 
to 1/35 sec. 


The Ledex Rotary Selector Switch 
is a compact, highly efficient power- 
operated circuit selector or stepping 
switch, designed for remote control. 
Nearly unlimited design combina- 
tions permit great variety of applica- 
tions for stepping, counting, adding, 
subtracting, programming and se- 
quencing. Manystock models on hand 
for immediate shipment. Hermeti- 
cally sealed models also available. 

Power source is the Ledex Rotary 
Solenoid. This unit gives highest- 


24 position 
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1 circuit, 
12 positions 


Rotary 
Selector Switch 


BASIC 


3 circuits, 
4 positions each 


INFORMATION 


torque-to-size rotary motion. Ap- 
plications for Rotary Solenoids 
include actuation of valves, vanes, 
shafts, and other mechanical loads. 

Also Ledex Syncramental Step- 
ping Motors for accurate, reliable 
shaft indexing. 

Write for literature, mentioning 
application, to Ledex, Inc., Dayton 
2, Ohio; Marsland Engineering, Ltd., 
Kitchener, Ont.; NSF Ltd., 31 Alfred 
Place, London, Eng.; NSF GmbH, 
Nurnberg, Germany. 
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Only $ Sketches by Scheffy 
per pound ar To the Editor: 
iat: , I have noticed that in the last few 
(prox!) “ issues of Propuct ENGINEERING you have 
deleted the engineering sketches by 
—and Scheffy. These were very funny and 
pis: ™ ; worthwhile. Why not get them back? 
They're real —E. H. Lenz 
Product engineer 
space Buffalo Forge Co 
savers, too. *The cartoons by Mr Scheffy and his 
compatriots are a very favorite part of our 
content, but sometimes they are forced 
out of an issue by mechanical considera- 
tions.—Ed. 








Automobile Safety Problem 
The Series BH100 To the Editor: 


@ Karl M. Richards of the Automobile 

Manufacturers’ Association states in 

_ - “Points of View” for Feb 13, p 20, that 
{ | the auto industry objects to regulatory 


documents that specify design ys 

¥ ing specifications). Instead, he asks for 

The instrument with the TAPE-SLIDEWIRE | specification of performance (what the 
equipment should do). 

His reasoning is that this specification 

of function would not restrict develop- 


for PETROLEUM, CHEMICAL, STEEL, ment by forcing on the engineer out- 


3 moded and inflexible codes. 

ALUMINUM and other processing plants... It has been said that people generally 
have at least two reasons for saying some- 
thing: a good reason, and the real reason. 


TEMPERATURE, FREQUENCY, FLOW, This sounds like a good reason for op 


posing restrictive legislation, but before 


LEVEL, PRESSURE, R.P.M., WEIGHT, etc. we can believe that this is a real reason, 


we need more proof. 

— Mr Richards could supply such proof 
quite simply in the case of seat belts. If 

Every function of the producing plant may be the industry opposes mandatory seat belts 


, : . because such legislatic ight restrict late 
measured and controlled with high accuracy. Vo the size die Tak Ge ce che 


cape , presumably better) solutions to the 
Ideally small and designed for uniform panel problem of post-impact injury, how would 


installation, the MILLI-V-METER is completely 10 times the the industry react to legislation requir- 
self-contained...including power supply, servo ing all cars to be supplied with some 
unit, slidewire and amplifier: Every measure- accuracy means of providing the same protection 
on. ° ° : 4 . > . > * : f. 
ment exhibited on the counter is a precisely ot eandard tretramenis oe ag gegen: bee Seer og Fs-tlgner 
(electronically) calibrated value. : “E. ray . ade 
quirement. And I’m sure that Cornell’s 
Crash Injury Research group could supply 
the necessary specifications. 
QUALITIES Produced by _ —W S Crawrorp 
1) Accuracy 1 part in 1000. Laboratory precision for the makers of JETCAL® Kamloops, BC, Canada 
industry or the military. ae oe, 
2) Compatibility with any transducer—AC or DC. el aiden aaad 
3) For strain gage, linear differential transformer, ther- To the Editor: 
mocouple, thermistor, resistance thermometer, pulse o the Editor: ' Bor 
or variable frequency circuits or systems. Full information Your article in the Feb 13 issue (p 24) 
4) Operates directly from 60- or 400-cycle power as is available for the asking! did nothing more than rehash the views 


apectied. of medical people and do-gooders. In 
SPECIAL FEATURES a, the accompanying “Points of View” 
For Recording ...a re-transmitting slidewire may be pro- DAYTON, OHIO; WICHITA, KAN. p 20) you allowed the industry to speak 
vided within the case. OMDENO, Clit, Piven halt td.) its piece on auto safety and got a polite 
MITCHAM, SURREY, ENGLAND reply, but no meat _ When will you 
(Bryans Aeroquipment Ltd.) people and the majority of “safety ex- 
perts” take a look at it from the indus- 

try’s viewpoint? 
The automobile industry is not a charit- 
able organization. To paraphase an old 


E: HOWELL INSTRUMENTS, INC, 4 advertising slogan, “They are automobile 


FORMERLY Ban €o., INC, men, not medicine men.” They are in 


: | ine ake and sell cars, not to sav 
3479 WEST VICKERY BLVD. + FORT WORTH 7, TEXAS business to make and sell cars, n -t 
lives. Obviously if they could make a 








to accurately indicate 

















For Controlling ...switch contacts may be provided to 
operate control units, remote indicators, or printers. 


For Computers or Telemetering...counters with decimal 
outputs may be added. 


28 CIRCLE 28 ON READER SERVICE CARD PRODUCT ENGINEERING - MARCH 13, 1961 





safer car that would sell better than their 
competitor's, they would. 

But try to understand that every com- 
pany is in a competitive war with every 
other car manufacturer here and abroad. 
They have to cut costs in order to main- 
tain a competitive advantage. Do you 
realize that if General Motors spent $3 to 
equip every new Chevrolet with a seat 
belt, the total cost would be in excess of 
$5 million? Sure General Motors could 
afford it, but why should they sacrifice 
their competitive position to Ford when 
the consumer can just as easily pay a few 
bucks out of his pocket. You will say 
this is a cold-blooded approach. No, auto 
people are businessmen. Show me one 
industry that will sacrifice profits to give 
the consumer something he doesn’t want. 
General Motors has a saying, “A penny 
saved is $10,000 earned” (one cent times 
one million cars equals $10,000). Next 
time you get on a safety kick, try to ap 
preciate both sides of the situation. 

—Brace Lewis 
Brooklyn, NY 


COMING EVENTS 
MARCH 


American Society of Me- 
chanical Engineers; Aviation Conference, 
Statler Hotel, Los Angeles 


14-16... . Society of Automotive En- 
gineers, National Automotive Meeting, 
Sheraton-Cadillac Hotel, Detroit 


20-23 . ... Institute of Radio Engi- 
neers, International Convention, Waldorf- 
Astoria Hotel & NY Coliseum, NYC 


American Society for Met 
als, 12th Western Metal Congress & Ex 
position, Ambassador Hotel & Pan-Pacific 
Auditorium, Los Angeles 


27-31 . . . . Instrument Society of Amer- 
ica, National Bureau of Standards, Ameri- 
can Institute of Physics, Temperature 
Measurement and Control, Veterans Me- 
morial Building, Columbus, Ohio 


APRIL 


4-7 . .. . Society of Automotive Engi 
neers, National Aeronautic Meeting and 
Missiles and Aircraft Engineering Display, 
Commodore Hotel, New York 


5-7 . . .. Institute of Environmental 
Sciences, Annual Meeting and Equipment 
Exposition, Sheraton Park Hotel, Wash- 
ington, DC 


11-13. . . . American Society of Lubri- 
cation Engineers, Annual Meeting and 
Exhibit, Bellevue-Stratford Hotel, Philadel- 
phia 


For a listing of addresses of societies and 
associations send 25¢ to Product Engineer- 
ing Reader Service Dept, 330 W 42nd 
St, NY 36. Ask for brochure R 32. 
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Andy Anchor says: 


“Call in a technically 
qualified Anchor field 
engineer to consult with 
you on any and all 


your hydraulic trans- 
LI “ 





line pr 


ANC|HOR’ 


i RFORMAN CE 


TY 


The Anchor emblem on Adapter Unions, 
Adapters, Pipe Fittings, SAE Boss Fittings 
and Tube Fittings for hydraulic and indus- 
trial uses signifies complete reliability .. . 
with all these Anchor products doing their 
job at peak efficiency. 
These Anchor Fittings are precision- 
machined from bar stock and plated to pre- 
vent rusting. Space-and-trouble saving in 
their use, they have been for over 20 years, 
and are still, first choice for original equip- 
ment and replacements. Anchor Fittings . . . 
© prevent hose strains caused by twisting 
during assembly .. . 

® provide safer, more positive leakproof 
connections .. . 

® make assembly easier in confined spaces. 


There is an Anchor Fitting to meet all your 
specific needs . . . with the largest variety of 
thread combinations — standard pipe, JIC, 
SAE, etc. 

Write today for the Anchor Catalog No. 
206 showing Anchor Adapter Unions, Adapt- 
ers, Pipe Fittings, SAE Boss Fittings and 
Tube Fittings . . . together with complete 
specifications. 


ANCIHOR Coupling Co.Ine. 


309 North Fourth St., Libertyville, tl. 
Brarch Plants: Dallas, Tex., Plymouth, Mich. 
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NOW, buy only the horsepower you need with 
REULAND’S new Hydraulic Pump Motor Intermediate* H.P. Ratings! 


Tailor motor h.p. to your pump’s performance curve. 
Reduce motor costs...increase operating efficiency. 


If you’re an O.E.M. or user of hydraulic pumps, Reuland’s twelve new 
“in-between” hydraulic pump motor ratings can start saving you 
money as of today. No longer must you pay for overmotoring...no 
longer must you compromise operating efficiency with an unneeded, 
over-size motor. Now you pay by the horsepower...and buy only what 
you actually need to match the performance curve of the pump! 

Reuland’s new intermediate ratings are an important sequel to 
another famous Reuland first ...the original, internal spline coupling 
method of hooking up motor and pump! 

All ratings are standard and available for quick deliveries. New 
price lists and engineering data sent on request. You should have a copy. 


Refer to Sweet’s 1961 Product Design File, 7a/RE 
MODERN POWER FOR MODERN-DAY PRODUCTS 


+. all in lightweight, cool-running aluminum frames! 
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32¥2* | 35° 


28 horsepower ratings from 42 
through 60...12 brand new, 
exclusive, intermediate ratings! 


Ye | 1% 2 2%" 3 
4° | 5 6%" | 7% 8%" 10 | 12%2* | 
15 | 17%" | 20 2242* 25 27%2" 30 | 
37%" | 40 45° 50 | 60 


*Exclusive, new intermediate ratings 


Your copy of this catalog on Reuland 
Spline Coupled Hydraulic Pump Motors... 
plus the complete Reuland 

line... will come in handy. 

Sent free on request. 


REULAND ELECTRIC COMPANY 
<> Western Division: Alhambra, California 


REULAND MOTORS = 


@ Eastern Division: Howell, Michigan 
Distributors in all principal cities 
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CAPLUGS DIVISION, PROTECTIVE CLOSURES CO., INC 
2205-9 Elmwood Ave., Buffa 3, N.Y 
, see how 
eS MAIL a free assortment of Caplugs erature and f 


iit, Caplugs without obligation 




















protect 

products... [ii 

f send for this Vitte 
dita 
sample 


kit 


won't chip, break, 
shred, or collapse 


low cost 
product insurance 








easy to apply... 


and remove molded of tough, 
flexible Polyethylene 


Caplugs 


Quick, slick protection for 

tubing, threaded fittings and machined parts 
in process, storage and transit .. . 

more than 600 sizes now in stock. ‘ 





T 
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Versatility 


IN VULCAN 
STRIP HEATERS 


Vulcan Strip Heaters have al- 
most unlimited application for 
heating any smooth, dry surface 
to which they can be bolted or 
clamped — dies, platens, molds, 
etc. They can also be mounted 
for comfort and process air heat- 
ing applications. 


BAND HEATERS 


Latest development in the 
Vulean heating line, Band 
Heaters are especially applicable 
for plastic molding and extrud- 
ing machines, tanks, pipelines, 
autoclaves, and similar uses. An 
aluminized steel sheath, to- 
gether with a special alloy 
tight-gripping clamping band, 
assures long life. Wide range of 
diameters. 


FINNED HEATERS 


Finned heaters provide six 
times more effective heat trans- 
fer surface than standard strip 
heaters for air duct heating, 
blowers, unit convection heaters, 
ete. 


Send for Catalog VG-201 con- 
taining specifications and prices. 








VULCAN ELECTRIC COMPANY, Danvers, Mass. 





\ 








[ 
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For Your INFORMATION (persona!) 


Down to the sea with props 
rca A 





Want to design an under- ~—~—~[) 7 
water helicopter? The field’s 
wide open. Jacques Pic- 
card, young member of the 
famous explorer family, is 
in this country to raise 
money for a “mesocaph”— 
a propeller-powered bathy- 
sphere. Right now, it’s still a 
in the idea stage, but he 
believes something along the lines of this “blueprint” would be practical. 
At an interview following his acceptance of the Argosy “Giant of Adven- 
ture” award, he noted that a powered sphere would have much more maneuver- 
ability and a higher instrument payload than present ballast-operated units. 
All that’s needed now is an engineering design—and half a million dollars. 





How to foil a felon 


It’s a tough life for locks these days. Not only can they be jimmied and 
blown apart; their secret combinations can be exposed by X-rays from readily 
portable isotope sources. 

There’s help on the way, though, from inventors here and abroad. Two 
Naval Ordnance Lab engineers have developed and patented a radiograph- 
proof combination lock; and the British have one that’s “explosion proof.” 

The US invention is a combination lock that uses nylon tumblers instead 
of metal (they show up much less clearly on X-rays) and, in addition, provides 
two X-ray shields in front of the lock—one, a layer of lead that will absorb the 
rays, and the other a layer that scatters the rays. This second layer can be a 
perforated steel sheet, or, better still, a layer of molded plastic incorporating 
small steel balls. With this system, says E. L. Criscuolo and D. P. Case, any 
X-ray picture will turn out to be hash. 

The British device, an “anti-explosive lock,” is specifically designed to prevent 
trouble after the lock is blown—to get around the time lag (owing to disuse 
and corrosion) that may permit the door to be opened before conventional 
anti-explosive bolts can move into position. The new system, as described 
by Britain’s National Research & Development Corp, completely immobilizes 
the bolt, when the lock is blown. It involves a lever-and-cam mechanism, 
which connects bolt and handle under normal conditions, but disconnects 
immediately when the lock is blown. Fuli information and diagrams of the 
lock (7943-60) may be obtained from NRDC’s U‘S. office: Suite 503, Mercury 
Building, Washington, DC. 


For better mike-manship 


A microphone that can be ad- 
justed to provide either the wide- 
band flat response needed for 
music reproduction, or the 
peaked response curve that is 
best for voice reproduction, is 
offered in a do-it-yourself kit by 
OBS Electronics. Price: $7.50. 
It features a ceramic trans- 
ducer and a stainless steel case, 
has a sensitivity at 1000 cps of 
52 db below 1 volt/microbar 
and a frequency response range of 30 to 10,000 cps. “‘Adjustment” is by inser- 
tion of a screw in a hole drilled in housing. —ARG 
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IMAGINATION 


TAKES 
wien COI mane 


Imaginatio 


forms, ‘elahen's and textur 
aluminum. With porcela 

of color and new pr 
designer. Monarch researct 


creating unique uses for ver 


industry, for products for the home, for unmatct 
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At Eastman 
you can find plastics 


to shape a new world of products 


Ideally suited to modern high-speed vacuum-forming techniques, 


Tenite plastics are cutting costs sharply for many manufacturers 


| 

JS Vacuum forming— 
q one of the oldest 
techniques of fabricating plastics, but only 
in recent years adapted to speedy modern 
methods—is now in the foreground of in- 
terest as an important method of shaping 

plastics products for today’s market. 
Starting material for a vacuum-forming 
operation is an extruded thermoplastic 
sheet. In simplest terms, vacuum forming 
involves only two steps, both performed 
on the same machine. The first step con- 
sists of clamping the flat sheet of plastic 
in a frame above the waiting mold and 
to the 


heating it (with built-in heaters 


required forming temperature. In the 
second step, the heated sheet is brought 
down into close contact with the mold, 
suction is applied, and atmospheric pres- 
sure then forces the heat-softened sheet 


over and into the contours of the mold. 


Sheet extruded from any of the Tenite 
plastics is well-suited to vacuum forming. 
Typical commercial products made of 
these plastics are shown on these pages. 
They illustrate the diverse shapes and uses 
to which vacuum forming can be adapted. 
An outstanding advantage of the Tenite 
cellulosics—Tenite Butyrate, Tenite Pro- 
pionate and Tenite Acetate—is their low 
specific heat which speeds both heating 
and cooling. Sheet of these plastics can be 
formed quickly and economically into 
tough, lightweight, highly impact-resistant 
products of enduring luster. 

For products that are to be used out- 
doors, special formulations of Tenite 
Butyrate are available which provide ex- 
cellent weather resistance and dimen- 
sional stability. 

Tenite Polyethylene and Tenite Poly- 


propylene are other Eastman plastics use- 


ful in vacuum forming. While slower to 
heat and cool than sheet of the cellulosics, 
these can be more satisfactorily formed in 
molds with sharp an- eo 
gles and offer many 
physical and chemi- 
cal properties useful 
in housewares, indus- 
trial products, toys 
and packaging. 

All Tenite plastics 
are available in a 
virtually unlimited 
range of colors. Over 
the years, the Tenite Color Laboratory has 
developed formulations in almost 43,000 
different colors and color effects. For many 
applications, colored sheet can be used to 
yield an integrally colored product, elimi- 
nating the need for a separate decorating 


or painting operation. In other applica- 





tions, such as signs, clear-transparent sheet 
may be used, with the decoration being 
applied either before forming (by use of 
distortion printing) or after forming. It 
should be noted that even shapes which at 
first appear impossible to vacuum form can 
be produced by this method. For example, 
by using a “plug-assist” (to permit a deep 
draw ), wastebaskets 82” in diameter and 
11%” deep have been vacuum formed 


from sheet of Tenite Butyrate. Similarly, 


spherical globes for toys and outdoor lan- 
terns have been produced at low cost by 
vacuum forming two hemispheres and 
then solvent-cementing them together. 

\n important advantage of vacuum 
forming is the low cost of the necessary 
molds...often only 1 20th to 1 10th as 
much as those for injection molding. As 
a matter of fact, verv inexpensive molds 
can be cast from plaster or tooled from 
hardwood or pressed wood to use on test 
runs, developmental designs, or single or 
short-run production. 

The obvious economies inherent in 
vacuum forming have helped the tech- 
nique win quick favor in many fields. In 
the manufacture of outdoor signs, dis- 


plays, toys, housewares, decorative and 


Wes 


BUTVYRATE *PROPIONATE®? ACETATE 
POLVETHYLENE * POLYPROPYLENE 


Versatile plastics by Eastman 


HOW VACUUM FORMING WORKS 


Step One 
HEATER 


SHEET 





CLAMPS > 


at 
| we 
VACUUM HOLES 


Step Two 


NOTI 


simple vacuum-forming operation. 


The above diagrams depict a 


There are many variations of this 
method, including some in which air 
pressure or mechanical pressure re- 


places the use of a vacuum. 


lighting panels, vacuum forming is now a 
leading production method 

Vacuum forming also makes possible 
the rapid packaging of merchandise in 
bubble, blister or skin packs. Here, short 
heating and cooling cycles are particularly 
important because of the high speeds at 
which the packaging machines operate. 

Perhaps vacuum forming with Tenite 
plastics could help you cut costs or speed 
production of some item you are now 
making or planning to make in the future. 
We'll be glad to help you explore its ad 
vantages and evaluate its merit. 

The comprehensive story of how Tenite 
plastics are being used in this new manu 
facturing process is told in a 20-page book 
let, “VACUUM FORMING.” For you 
free copy, write EAstTmMAN CHEMICAI 
Propucts, INc., subsidiary of Eastman 


Kodak Company, KinGsport, TENN, 
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Specification steel making in Blaw-Knox Steel Foundries 
gives your product physical properties for maximum service 


To insure the physical properties nec- 
essary for the service requirements of 
your product, Blaw-Knox maintains 
facilities for specification steelmaking 
including the regularly used mixes of 
carbon steels as well as special alloys 
such as molybdenum, chrome, nickel, 
and vanadium grades. 

Ten acid open hearths, ranging in 
capacity from 10 to 70 tons, and two 
electric furnaces are available to pro- 
duce exact quantities of many differ- 
ent grades of steel for many different 
castings at the same time. In some 
cases, as shown, huge castings weigh- 
ing up to 300,000 pounds are poured 


simultaneously from three ladles. 
Steelmaking to your order, in large 


or small amounts, is another part of 
Blaw-Knox Steel Casting Service that 
adds value to your product. And 
there’s good reason why. Blaw-Knox, 
one of the world’s leading manufac- 
turers of rolling mills and industrial 
machines, knows how to keep an eye 
on the end-use conditions of a steel 
casting, make it for maximum service. 

If you design or build products 
using cast steel components, ranging 
from 50 pounds to 300,000 pounds, 
Blaw-Knox would like you to have 
a copy of our brochure detailing Blaw- 
Knox Steel Castings Service. Write 
to the Foundry and Mill Machinery 
Division, 300 Sixth Avenue, Pitts- 
burgh 22, Pennsylvania. 


This intricate pipe 


line booster compressor 


housing was cast and machined at a Blaw- 
Knox Foundry. Test pressure 1800 p.s.i.— 


working pressure 


20,000 pounds. 


BLAVWW-KNOX 
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Solve Multi-Point 
Temperature Control 
Problems... 


at % cost of 
competitive systems 


Another 
example ot how 


PRODUCT ENGINEERING - MARCH 13, 1961 


CONTROLS TEMPERATURE... 


You get them all — wide ranging versatility . . . maximum 
sensitivity . . . easy installation and servicing! These features 
combine in a Fenwal 536-580 multi-point monitoring system 
to give you precise, transistorized temperature control and 
indication. And you choose the features you need to suit your 
own requirements! 


Examine these cost saving advantages: Indication and con- 
trol circuits are separate . . . the 536-580 system eliminates the 
need for separate indication and control at each point. You 
can build a control system concurrent with your needs — 
start with 2 points and build up to 10 points without paying 
a premium at the outset. The complete control system is built 
from standard catalog parts, thereby eliminating the need to 
buy costly “specials” for servicing at a later date. 


Individual points can have either proportioning or ON/OFF 
control modes. The system permits “‘flick of switch”’ indica- 
tion of from 2 to 10 temperatures. Individual set points can be 
adjusted from a central control panel or through a separate 
potentiometer remotely located. You select your own number 
of points and you pay only for the options you use. 


Choose from five standard temperature ranges — from 
—50 to 600°F ... expanded scales permit fine temperature 
adjustments and improved readability, and the entire system 
gives you sensitivity to within 0.1°F. 

Both instruments are smartly styled to perfectly comple- 
ment modern industrial machines and interiors. A Fenwal 
engineer will be glad to supply information on this system, or 
any other temperature control in Fenwal’s broad line. Write 
Fenwal Incorporated, 23 Pleasant Street, Ashland, Mass. 


PRECISELY 
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New Cars and Trucks Use More Malleable 
For Better Performance...Lower Cost 


As the automotive industry steps up its drive to pack 
greater performance into lighter weight vehicles and 
still hold costs in line, the demand for Malleable iron 
castings continues to increase. Noted for their strength, | For Free Literature on advantages 
toughness, machinability and economy, Malleables are_ | ee of Malleable iron castings, with 
used as key components in every make and type of ng CASTINGS examples from the automotive 
f industry, ask any member com- 
; ; : } pany for Data Unit No. 113, 
Matching each new advance in automotive technology, | or write to Malleable Castings 
Malleable is now available in a broad range of properties, | Council, Union Commerce Build- 
including tensile strengths from 50,000 to 120,000 psi! | ing, Cleveland 14, Ohio. 


vehicle. 





Find out now how much Malleable castings can improve 
your products. Contact any company that displays MEMBER 
this symbol 





estifying to Malleable’s outstanding ability, pearlitic 
Malleable iron crankshafts are now used in both cars 
and trucks, like this new heavy-duty highway hauler. 
Pearlitic Malleable was chosen for its high strength, 
wear resistance, damping capacity and machinability 
Malleable is the most machinable of all ferrous 
metals of simitar properties. 





i 


From the smallest cars to the largest trucks, all American vehicles 
rely on Malleable for a range of uses. In this tandem axle, for 
example, a total of 36 parts is Malleable. 


Malleable differential carriers form the backbone of the rear axles 
on many new compact cars, as shown at the right above. Tubular 
steel extensions are pressed into the Malleable housing where they 
are “‘puddle” welded. Decisive factors in Malleable’s selection 
were strength, economy, ease of machining and ability to be pro- 
duced in a design that required a minimum of tooling expense. 


The increasing conversion from 
other materials to Malleable cast- 
ings for all kinds of parts from 
crankshafts to door hinges is add- 
ing momentum to the automotive 


a eee a se - 9 : ‘ 4 
PE Ea ey erga gndeh mt 
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industry’s steadily increasing use 
of Malleable. 


Among the many Malleable iron 
castings in this composite car are 
torsion bar arms and brackets, 
rocker arms, fan pulleys, sprockets, 
emergency brake drums, pedals 
and spiders, steering gear housings, 
universal joint yokes, bearing =< 
transmission gears, shifter forks, 
turbine hubs and a variety of 
brackets, housings and cases. 


++ " 
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For 
Quality 
and 
Economy 
Use 


MALLEABLE 


For Service Contact... 


CONNECTICUT 
Connecticut Mall. Castings Co., New Haven 6 
Eastern Maileable Iron Co., Naugatuck 


DELAWARE 
Eastern Malleable Iron Co., Wilmington 99 


ILLINOIS 

Central Fdry. Div., Gen. Motors, Danville 
Chicago Malleable Castings Co., Chicago 43 
Moline Iron Works, Moline 

Moline Malleable tron Co., St. Charles 

National Mail. and Steel Castings Co., Cicero 50 
Peoria Malleable Castings Co., Peoria 1 

Wagner Castings Company, Decatur 


INDIANA 
Albion Malleable Iron Company, 
Muncie Division, Muncie 
Link-Belt Company, Indianapolis 6 
National Mall. & Steel Castings Co., Indianapolis 22 


1OWA 
lowa Malleable Iron Co., Fairfield 


MASSACHUSETTS 
Belcher Malleable Iron Co., Easton 


MICHIGAN 

Albion Malleable Iron Co., Albion 

Auto Specialties Mfg. Co., Saint Joseph 
Cadillac Malleable Iron Co., Cadillac 
Central Fdry. Div., Gen. Motors, Saginaw 


MINNESOTA 
Northern Malleable Iron Co., St. Paul 6 


MISSISSIPPI 
Mississippi Malleable Iron Co., Meridian 


NEW HAMPSHIRE 
Laconia Malleable iron Co., Laconia 


NEW YORK 
Acme Steel & Mall. Iron Works, Buffalo 7 
Frazer & Jones Company Division 

astern Malleable Iron Co., Solvay 
Oriskany Malleable tron Co., Inc., Oriskany 
Westmoreland Mall. Iron Co., Westmoreland 


OHIO 

American Malleable Castings Co., Marion 

Central Fdry. Div., Gen. Motors, Defiance 

Dayton Mali. Iron Co., Ironton Div., lronton 

Dayton Mall. Iron Co., Ohio Mail. Div., Columbus 16 
National Mail. and Steel Castings Co., Cleveland 6 


PENNSYLVANIA 

Buck Iron Company, Inc., Philadelphia 22 
Erie Malleable iron Co., Erie 

Lancaster Malleable Castings Co., Lancaster 
Lehigh Foundries Company, Easton 
Meadville Malieable Iron Co., Meadville 
Pennsylvania Malleable tron Corp., Lancaster 


TEXAS 





Texas Foundries, Inc., Lufkin 


WEST VIRGINIA 
West Virginia Mali. Iron Co., Point Pleasant 


WISCONSIN 

Belle City Malleable Iron Co., Racine 

Chain Belt Company, Milwaukee 1 

Federal Malleable Company, Inc., West Allis 14 

Kirsh Foundry inc., Beaver Dam 

Lakeside Malleable Castings Co., Racine 

Milwaukee Malieable & Grey Iron Works, Milwaukee 46 


These companies are members 
of the Malleable Castings Council 
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The fast, new Lykes Cargo Liners 
ply the Atlantic in coastwise shipping. 


OUNTS in COFFIN boiler feed 
TURBO PUMPS _ 
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LYKES LINES 
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MRC pioneered, developed 
and produces the Super- 
Precision Ball and Roller 
Bearings, shown here, for 
high temperature, high 
speed and to provide the 
ultimate in accuracy 
and load carrying 
capacity. 


Boiler Feed Services for these 494 foot vessels 
are provided by Coffin Turbo Pumps equipped 
with MRC Precision Ball and Roller Bearings. 


MRC Ball and Roller Bearings are used in a variety 
of marine applications. MRC engineers, with 63 years 
background of bearing knowledge, are prepared 

to discuss your bearing problems with you. 
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MINA-BRONZE 


WEAR PLATES 


The adjustable slide ways of this Minster press utilize 
Lamina-Bronze (electroplated bronze on steel) Wear 
Plates to assure long-life and free-running. In like manner, 
Lemine-Broaze Wear Plates cad their Lamina-Bronze wear surfaces are the best answer for any 


use are more completely described in part that requires the non-seizing properties of bronze 
Bulletin WP-59, send for your free copy. and the strength of steel. 
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How Armco 
puts multiple 


Strong sheet steel is given a .001-inch thick coating of aluminum on each side by a special 
Armco-developed hot-dip process. The result is Armco ALuminizep Steet Type 1, a unique 
material with advantages of steel, features of aluminum, and bonus benefits all its own. 


REFLECTS HEAT—To 900 F, ALUMINIZED STEEL reflects up 
withstands temperatures up to 900 F without discolor- to 80% of radiant heat, helps direct heat where you want 
ation, to 1250 F without destructive scaling. It also resists it, cuts down heat loss. Hundreds of parts for large and 
corrosive condensates that form on cooling. Real advan- small appliances are now proving the practical benefits of 
tages in mufflers, furnaces and similar products. this heat reflectivity. 


STAYS STRONG —Parts that resist or reflect heat can double as structural sections when made 
from Armco ALUMINIZED STEEL because it keeps its strength at high temperatures. This also 
permits thinner, more economical gages than with metals that weaken under heat. 
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New steels are 
born at 
Armco 


Steel with an aluminum coating 
benefits at your fingertips 


TAKES FABRICATION—Armco ALUMINIZED STEEL Type 1 with- 
stands moderate forming, drawing and spinning operations 
without flaking or peeling of the coating or damage to 
base metal. This workability, coupled with its other out- 
standing properties, accounts for its suc- + 
cessful use in a growing number of industrial, Steet ++ 
commercial, and consumer products. 
; Use this label 
to tell customers 
your products are 


made from modern, 
dependable steel. 


SEND MORE DATA 


Armco Division 
Armco Steel Corporation 
1291 Curtis Street, Middletown, Ohio 


Please send further facts on Armco Atuminizeo STEEL 
Type 1. 


Name 
Firm 


Street 


ARMCO Armco Division 
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Are your “dead storage” files more 
efficient than your active drafting files ? 





No doubt about it—it’s important to keep 
correspondence carefully filed; but it is even more im- 
portant to equip your drafting department with 
modern filing facilities that keep active and semi- : v/a 
Yi « 
o 


active drawings readily accessible, fully protected— 
and in a minimum of space. 
* 


* 


Your draftsmen, your productivity, deserve 
new Hamilton space-and-time-saving 
equipment —from Dietzgen 


Inadequate or antiquated equipment in your drafting 
room can cost you more money than you imagine in 
lost time, errors, done-over work, and low morale. 
Hamilton equipment is engineered to fit your needs. 
It is designed to improve the practical, day-to-day cre- 
ativity of your engineers or draftsmen. Its performance 
has been tested and proved in many thousands of 
installations. Our designers will gladly assist in the 
planning of your department. No obligation, of course. 


HAMILTON UNIT SYSTEM FILES The Hamilton system 
offers maximum protection and capacity in minimum floor 
space. Each drawer of the patented shallow drawer units is 
equipped with a tracing lifting mechanism. Every tracing be- 
comes a top sheet, instantly accessible. Unit sections can be 
assembled in a number of arrangements, stacked safely to 
any practical height. They stand up to hard usage, perform 
perfectly year after year. 


Hamilton Auto-Shift Tabie 

Built-in mechanism adjusts board to in- 
dividual height and slope requirements, 
provides full accessibility, reduces errors. 


Hamilton L-Contour Table 
Prestige-assured, individualized work area 
providing complete board adjustment plus 
extra storage and reference area. 


Hamilton CL 100 Drafting Table 
Conserves dollars, yet rugged canted-leg 
design provides modern styling and 
convenience with long-term durability. 


Drafting-Printmaking Booklet 
reports new techniques for solving 
engineering and production problems 


This new 36 page booklet describes a 


wide variety of engineering and produc- 
tion problems that have been solved with 
advance techniques in drafting and print- 
making pioneered by Dietzgen. The con- 
cise, problem-solution approach suggests 
ways in which you may improve the effi- 


ciency within your engineering depart- 
ment or eliminate production bottlenecks. 
Write today on your company letterhead 
for the Mechanics of Modern Miracles. 
Ask for Publication SPD2-A10. 

Eugene Dietzgen Co., Chicago 14, Illinois 
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PRINCIPAL OFFICES: CHICAGO + SAN FRANCISCO 


NEW YORK « NEW ORLEANS « LOS ANGELES * CALGARY 
SALES OFFICES AND DEALERS IN ALL PRINCIPAL CITIES 
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The first space shot with living creatures that returned alive is now history 
a significant milestone in the conquest of space 


The two monkeys, placed aboard the rockets to help scientists gather data 
on the probable effects of space travel on man, received unique training on 


the apparat 
yaar GGLAY Tenens pparatus pictured above. 


They were conditioned to manipulate the lever in response to timed stimuli, 
governed by a 4-unit tandem of Interval Timers by Industrial Timer Corporation 


This is not the first time our products have been used in medical and psy 
chological projects. However, they are more commonly found where precise 
reliable timing of industrial processes is vital 

Send for literature describing the comprehensive line of Industrial Timer 


Corporation Timers for every industrial application 
RUNNING TIME METERS RECYCLING TIMERS 


NDUSTRIAL 
TIMER INDUSTRIAL TIMER CORPORATION 


\ CORPORATION 


1403 McCarter Highway, Newark 4, New Jersey 
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A new addition to the famous three star line 


New! Save space and money 
with Cutler-Hammer's 
Size 00 A-C Magnetic Starter 


Takes up to 20% less space...costs 
18% less than Size O Starters. Now 
you get two big new bonuses in control selec- 
tion . . . less space and less money Both with 
the all new Size 00 Starter. 

Before, you had to use a larger starter in 
applications where it really wasn’t needed. 
But, now you can use the Size 00 in about 
40% of the applications where the Size 0 is 
usually used. 

The new Cutler-Hammer Size 00 Starter 
performs to the same high standards you get 
from all Cutler-Hammer Starters. And, you 
still get vertical, dust-free contacts which add 
so much to more reliable starter performance. 
Your choice too, of 2-coil or 3-coil overload 


WHAT’S NEW? ASK... 


protection in the same small enclosure. 

The Bulletin 9586 Size 00 Starter can be 
used on any general application. Its maximum 
horsepower ratings: Three phase: 208/220 
volts, 1% hp. 440/550 volts, 2 hp. Single 
phase: 115 volts, 4% hp. 230 volts, 1 hp. It’s 
available open or in NEMA 1 enclosure. 
Send for Pub. LO-40-E249. 


Why you get more from Cutler- 
Hammer. New things are happening at 
Cutler-Hammer—new, better products, new 
engineering ideas and talent, new plant capac- 
ity. We’re on the move. And, we'd like to 
show you how we could help you in any elec- 
trical control problem. Contact the nearest 
Cutler-Hammer distributor. 


i 


CUTLER-HAMMER 


Subsidiary: Cutler 
Mexicana, S. A 


+ Division: Airborne Instruments Laboratory «+ 
Canadian Cutler-Hammer, Ltd.; Cutler-Hammer 


Cutler-Hammer inc., Milwaukee, Wisconsin 
Hammer International, C. A. Associates 
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Each of these extrusions of rigid Geon by Crane Plastics, Inc., Columbus, Ohio, is in use for various archi- 


B.EGoodrich 


tectural applications—chiefly windows. B.F.Goodrich Chemical Company supplies the rigid Geon vinyl. 


SPECIAL 
SHAPE 


SPRING- 
BACK 


VR 


STRUCTURE 


Look how you can solve design problems 


with extrusions of 


These extrusions show how the properties of rigid Geon 
lend themselves to solving different design problems. 
The special shapes show how detail can be reproduced — 
and it is easy to produce a long, smooth part, straight 
out of the die. 

Other extrusions demonstrate how the springiness of 
thinner-walled extrusions gives you a spring-back char- 
acteristic for weather-stripping or rattle-proofing applica- 
tions. Still others-show the structural possibilities —how 
rigid Geon provides load-carrying strength without weight. 


rigid GEON vinyl 


At the same time, each extrusion brings you all the 
other advantages of vinyl— unusual abrasion resistance, 
resistance to chemicals, self-extinguishing properties and 
electrical advantages. In every case there’s the oppor- 
tunity to mold color right in. 

How can these extrusions solve your problems? We’d 
be glad to help you answer this question. Write Depart- 
ment NO-2, B.F.Goodrich Chemical Company, 3135 
Euclid Avenue, Cleveland 15, Ohio. 

In Canada: Kitchener, Ontario. 


B.EGoodrich Chemical Company 


a division of The B.F Goodrich Company 
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Here's what DIAMOND Roller Chain’s 


HIGHER HORSEPOWER RATINGS 
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Write for New DIAMOND 


CATALOG No. 760 


Just off the press. DIAMOND Stock 
Roller Chain, Sprocket, and Coup- 
ling Catalog No. 760 gives all the 
new horsepower ratings. Catalog 
760 also contains full data on four 
important new DIAMOND Roller 
Chain Products: Micropitch, Dura- 
Weld and Tuf-Flex chains and Hi- 
Cap flexible couplings. 


For Example: 


Former ratings for 1 inch pitch roller chain permitted sprocket speeds up to 
1160 RPM, whereas the new ratings include speeds up to 2800 RPM. Similarly, 
rated horsepower capacities formerly did not exceed 49 HP, whereas the 
ratings exceed 150 HP. New, higher ratings mean that DIAMOND roller chains are 
capable of more work, will last longer (thus, cost less to operate 
considered practical. You now have more opportunities to specify high-efficiency 
DIAMOND Roller Chain drives... 
tions of existing equipment. Write today 
It contains all the new ratings as established by the 
Silent Chain Manufacturers, of which DIAMOND is 


new 
than heretofore 


both in new equipment designs and in modifica- 
DIAMOND Catalog No. 760. 
Association of Roller 
a charter member. 


for new 
and 


INC. 


DIAMOND CHAIN COMPANY, 
A Subsidiary of American Steel Foundries 
DEPT. 443 - 402 KENTUCKY AVE. 
INDIANAPOLIS 7, INDIANA 


*  DIAMON 






ROLLER 
HAINS 


Function Factor formula 
developed to assess 
working quality of 
thread-cutting screws 


Unbiased laboratory tests dem- 
onstrate superior performance 
of Parker-Kalon thread-cutting 
screws in cast iron, steel, alum- 
inum and plastics. 


To compare the actual working quality of thread-cutting 
screws under laboratory conditions, a series of simple 
yet thoroughly dependable tests were made using P-K 
Types “F’’ and “B-F” and competitive thread-cutting 
screws. These tests can be easily duplicated by any 
engineering department that would like to determine 
their own results. 

The test was based on the premise that (1) the better 
a screw resists failure after being driven home, the 
stronger the assembly, (2) the easier the screw is to 
drive, the less wear there will be on driving tools and 
upon the operator and (3) thread failures either on 
the screw or in the work, gives rise to costly, time- 
consuming salvage operations as well as other intangible 
production costs. 

Thus, a measure of evaluating the performance of 
thread-cutting screws is the ease of driving combined 
with the degree of resistance to fastener failure. The 
relationship between these two functions is referred to 
as “‘drive-strip ratio.”’ 


How the tests were conducted 


Random sizes of samples purchased on the open market 
from a variety of sources (including the P-K Types ‘‘F”’ 
and “‘B-F’’) were identified solely by letters. Manu- 
facturer’s names were not revealed to the technicians 
who were responsible for making the investigation. 

As a means of fairly evaluating the performance of 
the screws, they were applied under identical conditions 
in sections of cold rolled steel, cast iron, aluminum 
castings and general purpose plastics. Similarly, hole 
sizes as well as depth of penetration of the screws 
were identical. 
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Each screw was driven by a specially designed Detroit 
torque testing machine. 


To limit and control 
depth of penetra- 
tion, washers were 
placed under the 
screw heads. Screws 
were inserted in the 
hole in the part 
(steel, cast iron, 
aluminum, plastic) 
and the part placed 
in the jaws of the 
machine. The screw was driven until it cut a full depth 
thread. The maximum driving torque was recorded at 
this point. 


Failure Point The second phase of the test 


was to determine the amont of torque which could be 
applied to the fastener before (1) the screw failed in 
section or (2) when the screw failed in the engagement 
material. This failure point was then recorded in inch- 
pounds, whereupon a direct comparison of the several 
screws could be made. 


Function Factor In order to assess the 


working qualities of each screw that was tested, a formula 
was devised that would express these functions. DRIVE 
TORQUE was the average of driving torque values ob- 
tained from individually running a given number of 
screws in the application. STRIP TORQUE was the 
average of a given number of strip torque values ob- 
tained from the ultimate failure of the screws in section 
or of the threads in application. 


The formula is expressed as 
(Strip Torque)? 


Formula Function Factor =- == Tanned 
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P-K® thread-cutting screws average 
108% better working qualities than the 
3 competitive types tested. 


Charts shown are typical samples and represent in each 
case only one of the many tests run on each screw. 
Identification of screws tested was made only upon 
completion of test. 
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Designed to reduce pressure development in the en- 
gaging section by as much as 80%, P-K Types “F”’ and 
“B-F” thread-cutting screws are manufactured with 
five cutting flutes. The completely formed threads have 
sharper cutting edges and flutes are of continuous depth. 


Lower Drive Torque 


Together these new P-K features make for better clear- 
ance of the accumulated material and assure lower drive 
torque. They also sharply reduce the possibility of 
stripping, galling and other causes of screw failure. 


TMP Re Te a 
Use Recommendations 


P-K TYPE F The new, improved P-K Type 


F (Patented), is a hardened thread-cutting 


is turned in—does the job with complete 
dependability —stays tight and secure. 


P-K TYPE B-F For plastics, P-K recom- 


mends the new improved ‘“‘Pentap”’, Type 
B-F (Patented). This exceptionally efficient 
thread-cutting screw combines the five thread- 
cutting flutes of the P-K Type F with the 
coarse-pitch, widely-spaced threads of the 
P-K Type B screw. Thus it distributes cut- 
ting pressure evenly, lets chips drop to the 


screw developed for use in granular or brittle 
materials such as ferrous or non-ferrous cast- 
ings and bronze or brass forgings. It may also 
be used advantageously in structural steel and 
sheet metals when it reduces driving torque 
and resists shear and tension loads and in 
impregnated plywoods where it grips with 
bottom of the hole and prevents cracking 
of the material. The B-F is designed for 


rugged strength. The pilot with its five tap- 
ping flutes cuts a machine thread as the screw 

‘\., making fastenings to comparatively thin sec- 
TYPE “8. F" tions and bosses in friable and brittle plastics. 
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SPECIAL FOR NYLON 
P-K TYPE L 


For this very popular material, only 
Parker-Kalon has a completely new tap- 
ping screw—especially developed for use 
in nylon. It is called the P-K Type 
L (U.S. Patent 2,350,346). The Type L 
functions as a combination thread-cutting 
and thread-forming screw in that it cuts 
a small amount of nylon while allowing 
the full diameter of the threads to form. 
The new P-K Type L offers a particular 
advantage in nylon assemblies which must 
be disassembled for service because the 
Type L can be readily removed and 
replaced without stripping or galling. 


P-K 
TYPE “L” 


THREAD-CUTTING 
SEMS? 


Specify P-K, and get thread-cutting 
screws with a higher drive-strip ratio, plus 
the added holding power of a pre-assembled 
washer! 

P-K Sems are readily available with a 
wide variety of washers pre-assembled to 
thread-cutting screw types ‘‘F’’ and 
“‘B-F’’. They may be ordered with slotted, 
Phillips or Hex heads. They can be hopper 
fed for automatic driving. Inspection 
rejects due to omitted lock washers are 
impossible. Fastenings stay tight and firm. 

P-K Sems reach your assembly line 
pre-assembled, ready for instant use. They 
assure concentric washer seating — washers 
cannot come off. Double inventory and 
parts handling is completely eliminated. 

P-K Sems are also available with a wide 
variety of washers pre-assembled to 
thread-forming and machine screws. 








Use the Function Factor formula and 
prove to yourself that Parker-Kalon 
thread-cutting screw types F and B-F con- 
sistently perform at a higher drive-strip 
ratio. Their use will increase production 
efficiency and reduce the “‘in-place cost’’ 
of fasteners in assembly operations. Pro- 
duction run samples may be obtained 
from your P-K Distributor, or write direct 
to the Parker-Kalon Sales Engineering 
Department. 


PARKER-KALON 


asteners 


PARKER-KALON, a division of General American Transporta- 
tion Corporation, Clifton, New Jersey. Offices and warehouses 
in Chicago and Los Angeles. 
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This is an actual photograph of “Mylar” undergoing dielectric strength test (per ASTM-D-149). 


MYLAR’® has a dielectric strength of 4,000 volts per mil 


Can the unique combination of properties found in ‘‘Mylar” 
help you solve your design problems? 


mee ‘“Mylar’’* polyester film is a tough, flexi- 
ble engineering material. In addition to 
its outstanding dielectric strength, 
*‘Mylar’’ has an average tensile strength 
of 20,000 psi, withstands temperature ex- 


- 


High dielectric strength helps cut capacitor size. 
Tough, thin “Mylar” with a dielectric 
strength of 4,000 volts per mil for 1 mil film 
(per ASTM-D-149) permits capacitor man- 
ufacturers to reduce size of finished unit . . . 
improve performance and reliability. 


tremes (-60° to 150°C.) ... 
chemicals and moisture. 
On an area basis, tough, thin ‘“‘“Mylar’’ 
often costs less than heavier, conventional 
materials. ‘“‘Mylar’’ 
embossed and 


resists most 


can be laminated, 
metalized, punched or 


coated. The tilm won’t embrittle with 
age. “‘Mylar’’ is available in roll or sheet 
form in a wide range of gauges. 

Find out how the combination of prop- 
erties in ‘“‘Mylar’’ can help you solve 
knotty design problems, improve product 
performance or cut costs. Write for our 
booklet containing detailed information 
on properties and applications. E. I. 
du Pont de Nemours & Co. (Inc.), Film 
Dept., Room P-9, Wilmington 98, Del. 


**‘Mylar’’ is Du Pont’s registered trademark for its brand of potyester film 


REG. U.S. Pat. OFF 


BETTER THINGS FOR BETTER LIVING 
.. THROUGH CHEMISTRY 


DU PONT 


MYLAR 


a @) Oe 4h 


See Du Pont’s complete line of Industrial Films at the IRE Show, Booth #4329-31 
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BEARING 
SURFACE 


ALUMINUM 
BRONZE 


ELASTOMERIC 
ELEMENT 





DRIVE SHAFT 
(INPUT) 


DRIVE GEAR 
(OUTPUT) 


SPECIAL COUPLING was designed by Lord 
for use with gear in diesel engine acces- 
sory drawing. It protects gears from dam- 
age and wear by isolating 8° torsional 
inputs with 98% efficiency. Torque rating 
is 16,500 in.-lbs. at 850 rpm. 


DESIGN FOR SMOOTH POWER FLOW 


with custom-engineered 
Lord Flexible Couplings 


Torsionally resilient couplings offer important operating advantages 
for many power transmission applications. Here’s what Lord can 
give you in a special flexible coupling: 

Custom design. Couplings can be designed to meet any specific 
requirements. They can incorporate any degree of flexibility in one 
or more modes. Elastomers can be specially compounded to resist 
extreme temperature and oil environments. 


Smooth power flow. Lord Couplings provide constant speed trans- 
mission of power with no backlash. Torsional disturbances are 
efficiently isolated. Varying degrees of misalignment—angular, 
parallel, axial—can be accommodated simultaneously. 


Reliability. Simplified design—no gears, seals, bearings or metal-to- 
metal contact—assures long service life. Resilience protects driven 
equipment from damaging inputs and extreme overloads. 


Special features. Torque capacities from inch-ounces to foot-tons. 
Permanently quiet operation. Attenuation of shaft-borne noise. No 
lubrication or maintenance. Minimum size for given horsepower. 
Optional fail-safe protection. 

Package assembly. All these features can be incorporated in a special 
coupling designed by capable, experienced engineers. Your custom 
couplings will arrive precision produced, fully tested, ready to do 
your job. 


Get more details from your nearest Lord Field Engineering Office 
or the Home Office, Erie, Pa. 
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Lord Flexible Couplings accommodate 
all types of misalignment: 


r= 
ae 


Cc rT #1 axial 


angular 


parallel 











ERA HEA AIRED 


... and isolate torsional vibration and shock: 


betel RS OES 


| 


FIELD ENGINEERING OFFICES 


ATLANTA, GEORGIA - CEdar 7.9247 LOS ANGELES, CAL. - HOtlywood 4-7593 
BOSTON, MASS. - HAncock 6-9135 NEW YORK, N.Y. (Paramus, N. J.) 
CHICAGO, ILL. - Michigan 2.6010 New York City BRyant 9.8042 

DALLAS, TEXAS - Riverside 1.3392 Paramus, N. J. - Diamond 3.5333 
DAYTON, OHIO - BAidwin 4.0351 PHILADELPHIA, PA. - PEnnypacker 5 “3559 
DETROIT, MICH Diamond 1.4340 SAN FRANCISCO, CAL EXbrook 7.6280 
KANSAS CITY, MO. . WEstport 1-0138 WINTER PARK, FLA Midway 7.5501 


in Canada — Railway & Power Engineering Corporation Limited” 


LORD MANUFACTURING COMPANY -~ ERIE, PA. 
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ALLMARS - ALL TOPS 


....all imported from West Germany, made to meet the highest standards of professionals. 


the pencil thats as good as it looks tw eh ee Ss 


a 
J.S. STAEDTLER.INC. 
Mars products are available at better engineering and drafting material suppliers everywhere. HACKENSACK, NEW JERSEY 





How Ferguson ELIMINATES BACKLASH 
in Index Tables 


56 


Backlash in indexing results in shock loads that 
affect the efficiency of a machine and the quality 
of its product. Most indexing mechanisms have 
inherent characteristics that cause backlash and 
poor dynamic conditions and prevent the designer 
from taking full advantage of modern feeds, tool- 
ing and methods that contribute to production 
economy. 














Ferguson Intermittor Index Tables have inherent 
zero backlash and extreme precision which results 
in a rotary transfer machine base capable of oper- 
ating speeds up to 500 indexes a minute. A Ferguson 
index table never proves to be a limiting factor in the 
speed or performance of an automatic assembly machine. 


HERE’S WHY: The continuously rotating cam 
of a Ferguson indexing mechanism features a 
tapered rib along which two preloaded bearing 
followers roll, maintaining constant contact with 
no clearance between them and the rib. When 


the mechanism is in the rest, or dwell, position, 
a straight portion of the rib locks the followers 
FOLLOWERS 


with zero backlash and an 
indexing accuracy of .001”. 
Wear on the hardened tool 
steel cam is infinitesimal 
(many have been in use for 
more than 25 years). Fol- 
onal mn lowers are rated for a mini- 


NOTE HOw PRELOADED mum of 8,000 hours opera- 
FOLLOWERS ENGAGE RIB 
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tion. If backlash occurs after this period the life 
of the drive may be renewed merely by replacing 
the standard followers. 








NO CLEARANCE (ZERO BACKLASH) 


HUB WITH 
PRELOADED 
FOLLOWERS 


HARDENED CAM; 
TAPERED RIB 


FERGUSON INTERMITTOR WITH 12” DIA. DIAL 








Compare this with other types of indexing devices. 
A geneva drive, with its slotted wheel and driver, 
and a barrel cam with a grooved track which en- 
gages one follower at a time, must have clearance 
in the slot or groove to allow passage of the follower. 
The slightest amount of clearance causes backlash. 
As the slot or groove wears, the clearance becomes 
greater and the backlash condition worsens. At the 
higher, more profitable operating speeds poor dy- 
namics cause wear on other parts of the machine. 
The user must choose between frequent downtime 
for repairs or slower speeds . . . He is the loser 
in either case. 


FREE DESIGN DATA — Load ratings, dimen- 
sions and application and installation information 
about standard and stock Intermittors, Ferguson 
Drives and in-line machines are contained in a 
single 36 page catalog. Every designer should have 
one in his library . . . Write Ferguson—Ask for 
Catalog No. 160. 


FERGUSON 


MACHINE COMPANY 


A Division of Universal Match Corporation 


7818 Maplewood Court . St. Louis 17, Missourl 
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WORKHORst 


@ZALID'S 
NEW PRINTMASTER 


SOO 





PRINTMASTER 900 
Ht.—70'/2”, Width—8414”, Depth— 
46'/2”. Newest in Ozalid’s family 
of whiteprinters...all designed 

to give you the finest repro- 
duction at the lowest pos- 
sible cost. Whatever your 
need there’s an Ozalid 
whiteprinter to 
meet it. 


Big volume of engineering prints? Put Ozalid’s new Printmaster 900 to work. 

This new, heavy-duty whiteprinter is a workhorse for capacity, a thorough- Mr. James A. Travis, Mgr., Marketing 
bred for quality, a favorite for economy. Ozalid, Dept. 201 Johnson City, New York 
Fast! Top speeds up to 75 feet per minute. Versatile... processes any dry 
diazo material up to 42” wide without sticking. Develops both sides in one 
pass! Unique... new, sleeveless, scratch-proof developing and simplified 
control make it top performer in its price class. Name 
Here, in truth, is a new concept in whiteprinting. New ideas, new designs 

from the leader in the industry that spell new efficiency, reliability, economy Firm 

in engineering reproduction 

The coupon will bring you the facts on Ozalid’s new “900”. Facts that Address 


may save you thousands yearly. Mail it today. OZALI wy 


Division of General Aniline & Film Corporation, Johnson City, New York 


Please send information on New Printmaster 900 


REMEMBER, FOR PEAK EFFICIENCY, ALL OZALID WHITEPRINTERS WORK BEST WITH OZALID SENSITIZED MATERIALS 
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NEW DEPARTURES IN MINIATURE 


HOW TO GIVE ON-THE-NOSE GUIDANCE TO MODERN “FISH” 
UNIQUE N/D LINEAR MOTION BEARING FREES GYRO CAGING ACTION 


The bearing illustrated is an N/D linear motion precision instrument ball bearing. It was 
specially designed and built to help solve a critical problem in the guidance system of a 
high speed anti-submarine torpedo. 


PROBLEM :Loss of accuracy in torpedo’s guidance system due to hang-up of caging arm 
in gyro assembly. 


SOLUTION:N/D Sales Engineer, in cooperation with manufacturer, found that wear of 
bushing on caging arm caused hang-up, delaying guidance activation. N/D Engineers 
set to work to design and build an instrument bearing that operates virtually friction- 
free. The result: Preservation of the guidance system's pin-point accuracy and reliability. 


Should you require bail bearing design information, invite the local N/D Sales Engineer to 
participate in your early design discussions. He represents one of the industry's largest 
engineering staffs devoted exclusively to the design and development of 

miniature and instrument ball bearings. Or, write for new Miniature and 

Instrument Ball Bearing Catalog, Department L.S., New Departure, Division 

of General Motors Corporation, Bristol, Connecticut. 


This special N/D linear motion 
instrument ball bearing increased 
guidance reliability of ASTOR 
torpedo weapon system devel- 
oped by Westinghouse. 


NE VW DEPARTURE 


MINIATURE AND INSTRUMENT BALL BEARINGS 
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INDUSTRIAL BABY-SITTER? 


Hippocrates, the author of the Hippocratic 
oath and the father of medicine, first pro- 
pounded the idea, two millenia ago, that the 
seat of thought is in the brain rather than the 
heart. But neither he nor any of his descend- 
ants until recently ever imagined that the 
seat of much of our perception is neither in 
the brain nor the heart but in the seat itsclf. 
Parents have known it instinctively, and have 
long used the seat as a way of impressing 
corrective ideas. 

All of this has become of engineering 
importance during the past two decades, during 
which mechanization has progressed so rapidly 
that many of us have become merely baby- 
sitters for machines. A whole new field of 
endeavor has, in fact, been opened in human- 
engineering comfortable seats, benches and 
leaning rails for operators (PE—Aug 22 ’60, 
p 40). The leading authority in this field, 
the orthopedist Dr Janet Travell, has just been 
called to Washington to serve as personal 
physician to the President, thus postponing, 
if not cancelling, some months of our negotia- 
tions with her for an article on seating. 
(She designed, for example, the seat for the 
new John Deere tractor (PE—Dec 5 ’60). 

In the early days of aerial barnstorming, 
flyers were said to “fly by the seat of their 
pants.” Then flying, too, became mechanized. 
But an Air Force doctor, commendably curious 
about the old expression, gave himself a mas- 
sive injection of novacaine in the gluteus 
maximus muscles, then had a friend take 
him up in a fast trainer. When he took over 
the controls, he almost crashed the plane; he 


found that his sense of balance was seriously 
affected, and that in fact a dead seat is much 
worse than a dead stick. 

Recently, engineers at North American had 
a similar unsettling experience. A pilot test 
ing a new plane reported a dangerous vibration 
in the engine. Instruments placed by the 
engineers showed no problem, so the report 
was considered one of the familiar phenomena 
in which the human mind plays tricks on its 
owner. After all, it is well known that unde 
some conditions a pilot doesn’t even know 
if he’s flying right side up. 

But the pilot was insistent. The engineers 
were properly skeptical, but they hit upon a 
simple test. They seated the pilot on a 
vibration table and told him to report when 
the vibration became, in his opinion, danger- 
ous. Then they tried various vibratory cycles 
and amplitudes, In each case, he reported 
dangerous vibration within a percent or two of 
the danger zone shown on their instruments. 

This suggested that they might be able to 
identify the particular vibration that the pilot 
felt was causing the trouble. So again they 
tried various combinations, until the pilot 
said, ‘““That’s the one.” With this lead, they 
traced the vibration to the exhaust line 
which was transmitting its own vibration to the 
engine. It was dangerous and the pilot's con 
tention was proved. 

All of which brings us to the point that a 
computer or numerical control or automation 
may take over some functions of the brain, 
and a heart pump may replace the heart, but 
never assume they’ve all been taken over. 





Lamb Electric's “Clean Room’insures 
fractional horsepower motor perfection 


For assembly of small precision gear motors, Lamb® Electric 
has installed an air-conditioned, dust-free “Clean Room’’. 
This innovation, primarily for the assembly of these custom- 
built motors, is essential for eliminating even particles of dust. 


The “Clean Room” is typical of progressive Lamb thinking 
that insures perfection in fractional horsepower motor design 
and manufacture. 

Do you have a special motor problem?...Here’s what you 
can expect from Lamb! Into the design of a Lamb motor goes 
years of experience in powering components for aircraft, 
domestic and industrial products. Out of the design comes a 
personalized motor that’s dependable, smooth and efficient. 


Cost-wise you’re way ahead, because Lamb Motors are 
mass-produced at the most favorable cost. 


Write today for descriptive folder. Or ask to have a District 
Engineer call and set up a personalized ‘“‘Motor Conference”’, 
THE LAMB ELECTRIC COMPANY: Kent, Ohio 


A Division of American Machine and Metals, Inc. 
In Canada: Lamb Electric—Division of Sangamo Company, Ltd. 
Leaside, Ontario 


2 mb Electric 


rractionat wonserower MOTORS 


Divisions of American Machine and Metals, Inc., New York 7, New York TROY LAUNDRY MACHINERY 
RIEHLE TESTING MACHINES « DE BOTHEZAT FANS * TOLHURST CENTRIFUGALS « FILTRATION ENGINEERS * FILTRATION FABRICS 
NIAGARA FILTERS « UNITED STATES GAUGE * RAHM INSTRUMENTS * LAMB ELECTRIC CO. « HUNTER SPRING CO. « GLASER-STEERS CORP. 
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STEADY STATE HEAT LOSS 


shortcut charts estimate heat for.... 


KEEPING 
THE COMPONENT WARM 


For most applications the heat you need to warm up a 


component and keep it warm can be quickly estimated with 


these charts based on experience. 


RALPH CRUMP, chief engineer 
Electrofilm Inc, North Hollywood, Calif 


BS cfore specifying a heater to keep a part or component 
warm, you have to know what the heat loss from the 
part will be. Rigorous thermal calculations will work, 
but mistakes are easy to make unless you are expert with 
math. 

A shortcut estimate, using the accompanying charts 
will often do the job, and lessen the risk of careless mis- 
takes. Along with speed, the method gives fairly good 
accuracy when the object is not too large (its surface 
area should be less than 3 sq ft), is smoothly contoured, 
and is operating in relatively still air. [Examples are in- 
strument cases, insulated valves, and small ovens. All 
heat is assumed to be dissipated from the surface by com- 
bined natural convection and radiation. 

For larger areas, accuracy is slightly less; figure that 
heat loss by combined convection and radiation from 
downward-facing surfaces will be 80% of the over-all 
average values assumed in the heat-loss charts given on 
next page for uninsulated surfaces. 

If heat loss by conduction through uninsulated mount- 
ing brackets to a large metal heat sink is expected, specify 
10 to 12% extra heater capacity (for bracket contact areas 
up to 15% of total surface area). 

The method is not usually recommended where there 
is forced convection because air velocity radically changes 
the surface heat-transfer coefficient. However, for insu- 
lated parts the greatest thermal resistance is in the insula- 
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tion, and changes in the surface coefficient have relatively 
little effect on over-all transfer. 


Expected accuracy 


In most warming applications, where the limiting con 
ditions are met, experience has proven that the charts 
give as good or better answers than those calculated with 
handbook values for conduction, convection and radiation 
This is because the charts are based on over-all heat bal- 
ances under actual operating conditions using typical small 
components. 

Correlation is often better than +10% of actual heat 
flow. To get closer values, you can make detailed cal- 
culations or run a heat-balance test after the component 
design is better established. 


WHAT THE CHARTS ARE 


The charts on the next page are simplified plots of actual 
heat-balance data taken over a period of 10 years on all 
types of heated bodies in still air. Convection and radi 
ation are not kept separate, but are combined—just as 
they are combined in actual operation 

The chart for an insulated heat source combines con 
duction, convection and radiation. Its companion, for an 
uninsulated heat source, gives heat dissipation by convec 
tion and radiation, assuming that surface temperature i 


text continued, page 6 
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HEAT LOSS, STEADY-STATE 
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7 


w/sq ft 


¢ 
40 


35 


30 


Heot input 


| | 


| | 
7, (source) 
(surface) Combined convection 
and radiation 

(ambient) ' 


t Conduction 
an 


+ 





low 





Insulation thickness, in = 
% J 


- 





~< 

















a oe 











+ ! - 
Shaded areas 
upper limit 25% increase in 
A value 


~ Oecrease in K 


Ly 


er | 


ff 2PEY 
mit 25% 





150 200 25 





eo 
7x 
2) 
oO 


E 


= 
= 
S 


Temperature difference 
| l 





T, (source) 


.Q/A 
mh l, (ambient) 


_— |p (surface) = T, 


j 
| 





4 
T 
| 
| 








Heat ioss, QA 








eC et ce he Ce cee he ee ee ee eae 





| 


Seer 








= ee! 


0  , 300 
T3-T, , F. 








a 


i 





TO MAINTAIN COMPONENT TEM- 
PERATURE at a fixed value in a 
given ambient, just supply the heat 
indicated by the graphs, Each curve 
is based on actual tests of hundreds 
of small components such as valve 
bodies and instrument cases. Upper 
chart—for insulated components — 
has conduction, convaction and radia- 
tion lumped together. Conductivity 
of insulation (protective cover in- 
eluded) is assumed to be 0.02 btu/sq 
ft-hr °F/ft. Lower chart—for unin- 
sulated components—has convection 


150 200. 250 
Temperature difference 


and radiation lumped together, but 
assumes infinite conductivity. The 
surface convection-radiation values 
in lower chart are also contained in 
lumped values for upper chart. Ar- 
ticle gives limitations for both charts. 


Example using upper chart: A com- 
ponent with 2.5 sq ft of surface area 
has 1-in.-thick insulation. How much 
heat will it take to maintain this 
body at 180 F if ambient is —65 F? 
Method: enter graph at 180— W—65 
245 F temperature difference. 


| 

Li 
300 
Tt, -T; °F 


Move up to 1-in. insulation line, then 
left to Q/A = 57 btu sq ft-hr or 16.7 
w/sq ft. Answer: 2.5 x Q/A = 142.5 
btu/hr, or 41.7 w. 

Example using lower chart: A com- 
ponent with 2.5 sq ft of surface area 
has no insulation. How much heat 
will it take to maintain this body at 
180 F if ambient is —65 F? Method: 
Temperature difference is 245 F 
(abscissa); therefore heat loss is 
825 btu/sq ft-hr or 242 w/ sq ft. An- 
swer: 2.5 x Q/A = 2063 btu/hr or 
605 w. 
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WARMUP HEAT for any body is its 
weight, times specific heat, times tem- 
perature change. If there will be a 
change in state, don’t forget to add 
latent heat. 

Example, using chart: How many 


the same as body (source) temperature. The third chart, 

for warmup heat, assumes negligible heat loss during the 

short warmup time and plots the btu’s needed to raise 

1 Ib of several common materials through various tem- 

perature changes. All charts are good for temperature 

differentials of from zero to 400 F, in the range from 
200 F up to limit of charts. 


Equations for charts 


The first two charts can be represented mathematically 
with a simplified equation that treats conduction, convec- 
tion and radiation as additive quantities. In final form, 
the over-all relationship is: 

Q/A = (T; — Ts) / (Ri + Rs) 
where O/A is over-all heat transfer from source to surround- 
ings, in btu/hr per sq ft; T; is source (body) temperature, 
°F; T; is ambient temperature, °F; R, is thermal resistance 
of the insulation; and R, is thermal resistance of the con- 
vection and radiation portions of the system. 

Thermal resistance R, is the reciprocal of thermal con- 
duction K/Ax, where K is conductivity in btu/sq ft-hr 
per °F'/ft, and Ax is thickness of insulation, ft, in the 
direction of heat flow. ‘Thermal resistance R, is the 
reciprocal of total surface heat-transfer coefhicient h,, which 
has units of btu/sq ft-hr per °F (simplified). 

Both R, and R, are “defined” properties, and serve 
only to simplify the math. More details of the actual 
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watts to increase temperature of 4 lb 
of water in a 6-lb aluminum pot from swer: total Ib 
40-F initial to 180-F final temperature? 6x 954 4x 41- 


Method: Rise is 140 F. Read 30 btu/lb 
or 9.5 w-hr/lb for aluminum, and 138 


btu/lb or 41 w-hr/lb for water. An- 
x (warmup heat/lb) — 
221 w-hr. If warm- 
up time is to be % hr, then power 
level during warmup is 4 x 221 
884 w. 


mechanism of heat transfer, including the derivation of 
R, and R, are given in the section on theory that follows 

The third chart solves the standard equation H = C, 
(T, — T.), where H is heat capacity of the body being 


Typical Blanket Insulation 





Max Conductivity, K 

Density, temp, btu/sq ft-hr per: 
Ib ‘cu ft F 

F /ft F in. 


Fiberglass: 
Unbonded 


Resin-bonded 


Styrene, foamed 175 0.021 0.25 





Polyurethane, foamed 2.0 0.013 0.15 





warmed, btu/Ib; C, is specific heat, btu/°F-lb; Ty, is 
final temperature, °F; and T, is initial temperature, °I. 


HEAT-TRANSFER THEORY 
The over-all relationship O/A Is T,)/(R, + R;) 


is developed from separate expressions for conduction, 
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convection and radiation heat transfer. Each expression 
is simplified here so that it contains temperature to the 
first power only: 
Conduction Q,/A 
Convection Q./A = he(T: — 7) 
Radiation Q:/A = h,(T: — 7) 

O is heat flow, btu/hr. A is total area of heat-dissipat- 
ing surface, sq ft. O,/A must = Q./A + Q,/A because 
all heat conducted to the surface must also leave it, part 
by convection, the rest by radiation. 

K is thermal conductivity of the insulation, btu/sq ft-hr 
per °I'/ft of thickness; h, is convection coefficient, btu 
sq ft-hr per °F, h, is radiation coefficient, btu/sq ft-hr per 
F; T,, T:, T; are source (component), surface and am- 
bient temperature, respectively; and Ax is thickness, ft. 

Although each expression is given in linear form, only 
the first—for conduction—is truly linear. Conductivity K 
stays fairly constant at about 0.02 for most insulating mate- 
rials. Even special materials rarely have K-values more 
than 0.025 or less than 0.013. 

The convection expression is not linear because h, 
depends on complicated relationships among air density, 
viscosity, and specific heat; each is dependent on tem- 
perature—which is itself a variable. The radiation ex- 
pression is extremely nonlinear: h, depends on the 4th 
power of absolute temperature of both the warm surface 
and the cooler surroundings. 


K (T; 7- T2) /Az 


Fortunately, when radiation and convection are com- 
bined in actual applications, the resulting total heat-loss 
to the surroundings is predictable, even though the com- 
bined coefficient, h, = h, + h,, varies nonlinearly with 
temperature. Within the range of (T. — T;) from 
10 to 400 F, h, varies from 1.5 to 5. But by reading O/A 
directly from the curve, the proper value of h, is auto- 
matically included. The combined heat-flow equation 
upon which the second chart is based is: 

Q: = Q2 + Qs = hiA(T2 — 73) 
where QO, is total heat flow from surface to surroundings. 
QO, will always equal Q, when all heat loss is by convec- 
tion and radiation. 


Electrical analogy 


The general relationship for conduction, convection, 
and radiation, O/A = (T, — T;)/(R, + R.) is a thermal 
expression of the familiar Ohm’s Law, I = E/R, where 
I is current, E is potential difference, and R is resistance 
to flow. But first you must put the conduction and com- 
bined convection-radiation expressions in these forms an- 
alogous to Ohm’s Law: 

Q,/A (T; — T2) / (Az/K) 

Q:/A (T2 — Ts) / (1/ht) 
where Ax/K and 1/h, are, in effect, thermal resistances 
and can be manipulated as shown below, left. 





THERMAL- ELECTRICAL ANALOGY 


For REPRINT of above article, just check 
593 on one of the Reader Service cards 
bound in this issue. 





Heat Flow 


Electrical Current 
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Electrical 
resistances 


EDITOR’S NOTE: Heating the product 
has also been the topic in these recent 
articles: 

Infrared for Heating a Product, Feb 1 
60, p 39—-Compares the many external 
methods of heating, including radia- 
tion, convection, induction, conduction 
and dielectric heating, with handy 
charts for estimating radiant heating. 

Surface-type Heaters (by Mr Crump), 
Jan 30 ’61, p 42—Describes all types of 
area-source heaters, shows how to 
choose one over another. 


These articles on cooling have also 
appeared in our pages: 
When Air !s the Coolant, Feb 16 ’59, 





p 54—Shows how to estimate whether 
an assembly will run too hot, and 
whether the self-cooling methods of 
radiation or convection can handle the 
trouble. Has detailed but easy-to-use 
charts of forced and natural convec- 
tion. 

Radiant Cooling or Shielding, Nov. 








14 ’60, p 55—Demonstrates how radia- 
tion can dissipate large amounts of 
heat when surface temperature is high. 
Comprehensive emissivity tables in- 
cluded, along with equations for using 
them. 

—Franklin D Yeaple 








An analogy is evident if 4x/K and //h, are called R, and FR, (for thermal 
resistance) . 
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Though design of elaborate optical sys- 
tems is beyond the range of most engi- 
neers, simple problems can be solved with 
just a few rules and inexpensive, off-the- 
shelf components. Here, with a review of 
the fundamentals, is a rundown on the 
typical components and how to use them. 








| 
es | 
op. 


DONALD H CRONQUIST 


Santa Clara, Calif 
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how to design... 


SIMPLE OPTICAL 
SYSTEMS 


O dtical elements instead of mechanical elements? That’s a design alternative 
you may easily overlook. The optical elements, like their electronic and hy- 
draulic counterparts, have a valid place in today’s designs. Why, for example, 
amplify motion mechanically when it can be magnified by a simple lens sys- 
tem? Why move a part at high speed when moving its image will serve as 
well? Why sense position electronically when an optical system will do the 
same job cheaper, more accurately and more reliably? Then there’s the matter 
of inertia. Beams of light have no weight; they can be stopped and started in- 
stantaneously. They can sense speed and bearing of a moving object without 
touching it or slowing it down. 

l'oo0 often, designers ignore the benefits of an optical system because they 
have been persuaded it is a job for experts. Design of a high-resolution tele- 
scope or a special wide-angle lens certainly is not for amateurs. But lenses and 
prisms can be bought ready-made. You don’t have to understand their mathe- 
matics any more than you have to be a gear expert to pick gears out of a 
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SIMPLE OPTICAL SYSTEMS « « ® continued 


catalog. A few simple rules and a knowledge of what can 
be done with the available elements is all you need 


LENSES—THE CRITICAL COMPONENTS 


he most important elements in an optical system are the 
lenses. Without a lens, there is no way to form an image 
and no way of modifying that image. This ability to 
modify—bend, invert, make larger or smaller, lighter or 
darker—is the chief advantage of the optical system. What 
kind of image? How bright? Where should it be placed? 
How big the lens? How much magnification? What focal 
length? These are the questions you must answer when 
choosing a lens. 


Image location 


The basic lens equation is a simple one. As we recall 
from elementary physics, the relation between object dis- 
tance L, image distance L’, and focal length F is 


F L’ 
Though this applies only to idealized “thin” lenses, it is 
adequate for all but the most precise layouts. The equa- 
tion applies both to positive (convex) and negative (con- 
cave) lenses—and to parabolic mirrors as well. For nega- 
tive lenses, focal length is negative; for mirrors, image and 
object distances are measured in the same direction. 

‘Two kinds of images can be formed: real and virtual. 
Real images actually exist in space and are the kind you 
see when a projector throws a picture on a screen. Virtual 
images are formed when the lens teams up with the lens 
of your eye, the most familiar example being the image 
you see when looking through a magnifying glass. (A 
third kind of image, the aerial image, is really only a special 
case of a real image. To sce an aerial image, look through 
a magnifying glass held at arm’s length and see an inverted 
image; it is that part of the real image framed by the lens.) 

Real images can be detected by a photocell, magnified 
by additional lenses, or thrown on a screen where they can 
be viewed by many people at once. Virtual images can 
be seen only with the eye, and ordinarily, by only one 
person at a time. But the virtual image is erect (same 
orientation as object) and because light paths are short, 
the system can be quite compact. And, like the aerial 
image, virtual images need no light-scattering screen to 
be seen. They therefore appear much brighter than equiva- 
lent reflected real images. 

If we reexamine the basic lens equation we find that it 
not only locates the image, but tells the kind of image that 
will be formed. Distances to the right of the lens are con- 
sidered positive; distances to the left, negative. When L’ 
(in this article, the prime notation denotes symbols that 
refer to the image) is of opposite algebraic sign to L, 
the image is real; when L’ has the same sign, the image 
is virtual. For negative lenses, the image is always virtual 
except when the image of a previous lens falls on the 
image side of the negative lens and acts as a “virtual” 
object for that lens. Three brief examples will illustrate 
the use of the equation. 
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1. A positive lens with a focal length of 4 in. and an 
object 3 in. from lens will form an image as above. Image 
distance is 


L’' = -12 


where negative sign indicates a virtual image. 


i ae /0 











2. A negative lens (F = —6) is placed 10 in. from 
an object. Virtual image is located at 


1 

















— N25 ——_—>1 


3. Two positive lenses (F: = 5, F: = 2) are placed 8 
in. apart and an object placed 9 in. in front of the first 
lens. The real image of this first lens falls at 


L’; = 11.25 


forming a virtual object for the second lens. Image of the 
second lens is located at 


1 


= = 1.23 
3.25 
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M, Magnifacation, = 


Magnification 


Magnification M of a lens system is defined as 


a a. 
H L 

where II and H’ are the heights of object and image re- 
spectively. When image is upside down with respect to 
object, magnification is shown as negative. Applying this 
equation to some simple optical instruments we find, for 
example, that for a magnifier, the equation reduces to 


10 


M = P 


+1 
in which it is assumed that the virtual image is formed 
10 in. from the eye (minimum distance for average eyes). 
If the image at infinity (the usual case when the lens is 
adjusted for most comfortable viewing) the equation is 
M = 10/F. 

For a telescope containing an objective lens with focal 
length F, and an eyepiece with focal length F., the mag- 
nification is: 

F, 
F, 


in which it is assumed that focal points of eyepiece and 
objective lens coincide. 


M=-— 
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Image illumination 


Besides focal length, the other important lens param 
eter is its diameter—it influences image illumination. 
Such illumination is not only important in optical systems 
where the image falls on a photocell or other control cl 
ment, but it should also be checked when comparing ef 
fectiveness of alternative optical instruments in which the 
eve is the sensitive element. 

Illumination or brightness, B, is commonly expressed 
in terms of the radiant energy FE per unit area. Thus, 


Image brightness depends, of course, on brightness of 
source, distance between source and lens, focal length and, 
as mentioned before, lens diameter. If we assume the 
source radiates from only one side of a plane surface, the 
solid angle of the source is 2 7. But the lens intercepts 
only a portion of this energy; that portion is # d’/4L’, 
where d is diameter of the lens and L is the distance be 
tween lens and source. The ratio between radiant energy 
of image and radiant energy of source (assuming no losses 
in transmission or reflection) is: 


E’ xd? ad? 
E — (4L?) (2x) SL? 


When laying out a lens system, it is often more con- 
venient to express this ratio in terms of lens magnification 
and lens f-number (defined as f F/d); therefore the 
equations are rewritten: 


r_ Mm 
- 


B’ 1 

B af (M + 1)? 
where M is absolute value of magnification. ‘These rela 
tionships are plotted on the graph at left above. 

This graph is useful when designing systems in which 
the light from an object passes through a lens and falls on 
a photocell. From the graph you can determine mag- 
nification and f-number needed to give maximum photo- 
cell output. With these lens parameters you can then 
determine object and image distances as dictated by the 
allowable dimensions of the system. 

Ideally the image should be the same size as the photo 
cell. Because this is not always possible, the curves allow 
you to find conditions of max brightness when image is 
larger than photocell, or max radiant energy when image 
is smaller than photocell. Notice there is little gain in 
brightness with magnifications less than 1/20 and little 
gain in radiant energy with magnifications greater than 20 

If the layout of lens systems depended only on focal 
length, f-number and magnification, optical design would 
be simple indeed. But there are other considerations. 
Actual lenses usually don’t behave like the ideal lenses 
described by the lens formula—and even the best lenses 


Text continued on page 69 
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SIMPLE OPTICAL SYSTEMS . 


continued 


Special lenses minimize these optical defects 


Aberration 

















Spherical aberration 


Light through the outer edge of the lens 
focuses nearer the lens than light through 
the center. This causes the image to ap- 
pear blurred over the entire field. The 
amount of aberration is indicated by the 
distance between the two focal points. 
All single-element lenses have some spheri- 
cal aberration. Partly corrected multi- 
element lenses can be purchased. Or, be- 
cause the amount of aberration varies as 
the square of lens diameter, the effect 
can be minimized by reducing the aper- 
ture. 


Astigmatism 


Perpendicular fan-tays from an off-axis 
source focus at a different point than 
horizontal fan-rays. If the object were a 
cross with one arm horizontal and the 
other perpendicular, the perpendicular 
arm would be in focus at the near point, 
the horizontal arm at the far point. Posi- 
tion of best focus is the disk of light 
between, known as the “circle of least 
confusion.” Astigmatism is independent of 
lens aperture and varies with square of 
image height. Images on the axis show 
no astigmatism except for lenses contain- 
ing cylindrical or toroidal surfaces. 
Astigmatism can be corrected (approxi- 
mately) with special lens shapes and by 
reducing the lens aperture, thus eliminat- 
ing the offending marginal rays. Curiously, 


many lenses are ground with an overcor- 
rection for astigmatism (negative astigma- 
tism). This is to offset the effect of 
Petzval curvature. A Petzval surface is the 
paraboloid formed by the locus of focus 
points when all astigmatism is removed. 
It is independent of lens aperture. With 
negative astigmatism, all points of the 
image can be brought into a reasonably 
good focus on a plane surface. 


—. 


Zn 








/mage of point 


Coma 


Light from an off-axis source passes 
through the center of the lens and focuses 
farther away from the optical axis than 
light from the same point passing through 
the extremities of the lens. The effect 
gives poor definition of images off the op- 
tical axis. The image of an off-axis point 
of light appears triangular because light 
passing through successively larger zones 
of the lens shows as circles successively 
closer to the lens centerline. As with 
spherical aberration, coma can be mini- 
mized by reducing the lens aperture 
(where practical) which causes all rays to 
pass through the lens close to its center. 


Object Pincushion 


aistortion \ 








\- 











Borre/l distortion 
Distortion 


Magnification on the optical axis is greater 
(or less) than magnification off the axis. 
Distortion causes parallel lines to bow and 
images to lose their proportion. When 


axial magnification is greater than off-axis 
magnification, the lens has positive or 
barrel distortion; when axial magnification 
is less, it has negative or pincushion distor- 
tion. Distortion does not depend on lens 
aperture and can be corrected only with 
specially ground lenses. In general, dis- 
tortion is not too troublesome except for 
photographic lenses and systems where 
precise image measurements are important. 














Chromatic aberration—longitudinal 


Short wavelengths of light focus closer to 
the lens than long wavelengths—images 
appear to be surrounded by a colored halo. 
Longitudinal chromatic aberration is one 
of the most objectionable lens defects for 
systems in which the image is observed 
by the eye. It can be corrected only by a 
multi-element lens. It is independent of 
lens aperture and off-axis image distance. 
Generally it is corrected only for two 
wavelengths near each end of the visual 
spectrum—the wavelengths between re- 
maining slightly out of focus. 





Chromatic aberration—lateral 


Different wavelengths of light are not 
equally magnified. The effect is to give 
“color” to images—an effect which in- 
creases with distance from optical axis. It 
is measured in terms of different image 
sizes. “Lateral color,” as it is called, is a 
function of off-axis image distance but is 
not affected by aperture size. Microscope 
and telescope eyepieces are generally cor- 
rected for lateral color by designing an 
appropriate multi-element lens. 
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introduce a certain amount of aberration. Though these 
effects may be small, they cannot be ignored except in the 
crudest of optical designs. Some of the difficulties can be 
corrected with special lenses; others will have to be handled 
by taking special care in layout of the system. 


Thick lenses 


One of the largest discrepancies between theory and 
practice arises from the fact that the lens formula describes 
an unrealistic situation: it assumes that light bends sharply 
at a plane. In actual lenses, the thickness is a significant 
proportion of the focal length and light bends at each lens 
surface. Though the correction for this effect can be com- 
puted, the usual method is to measure the lens experi- 
mentally and determine new values for the lens so that 
the formula will still apply. Briefly, the method is this: 

Assuming that light bends not at a single plane but at 
two parallel planes, first find focal point for each side of 
the lens by focusing parallel rays of light passing first one 
way, then the other way, through the lens. Repeat the 
procedure by focusing an object at a finite distance through 
the lens in both directions. Then from the lens formula, 
determine the effective focal length and the location of 
the two planes of apparent bending (principal planes). 
(For a complete description of this method, see PE—July 


"60, p 49.) 
Aberrations 


With actual lenses, points are never imaged as points, 
squares are never square, planes are not plane and all 
colors do not focus at the same point. In general, the 
larger the f-number of the lens, the worse these aberrations. 
The most common kinds of lens aberration are shown 
in the diagrams on opposite page. 

rom these descriptions, it is clear that keeping all 
these conflicting defects in check is a complex mathe 
matical job. In fact, it is impossible ‘to design a practi- 
cal lens that is free of all aberrations. Corrected lenses 
are designed by ray-tracing. The optical engineer com- 
putes the shape of the lens surface by following the path 
of light rays and noting their deflection as the rays pass 
from one medium to another. Ray deflection depends 
on angle of incidence, index of refraction and wavelength 
of light. Until recently, ray-tracing was done manually 
with six-place trig tables and precision layouts. But today, 
most of these problems can be solved on digital com- 
puters. 

Though we normally think of a lens as being sym- 
metrical, in practice such lenses occur only rarely. The 
reason is clear from the description of various kinds of 
lens aberrations—corrected lenses require special shapes 
and special kinds of glass and, often, special combinations 
of several lenses. 

In controlling aberrations, the lens designer can vary 
the shape considerably without changing any of the basic 
lens parameters. Thus we can have a double convex lens, 
a plano-convex lens and a convex-concave lens—all posi- 
tive, all l-in. dia. and all with a 5-in. focal length. The 
difference is in the correction for aberrations. As far as 
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the layout of the system is concerned, all these lenses can 
be treated the same. Despite the nonsymmetrical shapes 
you can still tell a positive lens from a negative one: posi 
tive lenses are thicker in the middle, negative lenses are 
thinner in the middle. 


Special lenses 


Here are some of the most common unsymmetrical and 
multi-element lenses. All these can generally be pur- 
chased as stock items. In the multi-element and eyepiece 
types, the several lenses can be treated as one lens. They 
are usually supplied mounted in a tube and, for purposes 
of layout, it is not necessary to know what’s inside the 
tube—simply measure focal length and find principle 
points with the method outlined for thick lenses. 


Plano-convex—flat (or nearly so) 
on one surface and convex on 
the other. They have less spheri- 
cal aberration than double-con- 
vex lenses when the convex side 
faces the distant object. This 
makes them popular for con- 
densers where point source of light is changed to con- 
verging rays. Condensers are usually made up of two 
plano-convex lenses with convex sides face-to-face and 


- 





acting as a single lens. 


Meniscus lenses—thin, _ light- 


weight, having both centers of 
curvature on the same _ side. 
These lenses can be either posi- 
tive or negative and are gener-—~—— ~ — 
ally used with other lenses to 
reduce aberrations. With a 


meniscus lens, both principal 
points may be outside lens sur- 
face. 


Multi-clement lenses 

made in a wide variety of 

shapes and configurations. 

Their purpose is to reduce y nv 
aberration and give a 

sharp, brightly illuminated, 


undistorted image. In high-quality optical systems, 
nearly all lenses will be made up of more than one 
element. In some cases, separate elements will be 
cemented together; in others they will be separated by 
an air space. 

Eyepieces—the basic eyepiece (also called “ocular’”’) has 
two elements: eye lens and field lens. The field lens 
is so placed that the image to be magnified falls in plane 
of the field lens (in practice, the image is almost always 
placed slightly off this plane so that dust on the field 
lens will not be magnified along with the image). In 
this position, the field lens has little effect on the image 
—it neither magnifies or reduces it. Purpose of the field 
lens is to collect the marginal rays, which would other- 
wise be lost, and direct them into the eye lens. The 
eye lens magnifies the image by forming a virtual image 
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SIMPLE OPTICAL SYSTEMS .. . «continued 


of the real image from the objective. The distance be- 
tween observer's eye and the surface of the eye lens is 
called “eye relief.” Standard tube OD for telescope 
eyepieces is 1.25 in.; for microscopes, 0.917 in. Here 
are the three most popular forms of eyepieces. Most 
eyepieces are simply variations of the Ramsden and the 
Huygenian. 

Ramsden — probably 

the most popular be- 
cause it is inexpen- 
sive and can be used 
with reticles because 
image plane lies out- 



































side the eyepiece tube. The Ramsden introduces only 
small amounts of spherical aberration, longitudinal 
chromatic aberration, distortion, and coma. Chief dis- 
advantage: a rather large amount of lateral color. 
Huygenian—greatest —_ad- 

vantage is that it can be 

freed of lateral color—an 

important feature if it is y 

necessary to compare size au 

of objects being viewed. 

Other aberrations are generally greater than with Rams- 
den, except coma, which is essentially zero in both. 
Image plane lies between field lens and eye lens, so 
design is unsuitable for use with reticles. With short 
focal length (less than 1 in.) eye relief may be too short 
for comfort. 

Kellner — modified 

Ramsden corrected 

for lateral color by a 

two-element eye 

lens. Retains most 

of the other advan- 

tages of Ramsden. 

Lenses of unorthodox shape can be made up for special 


~. 
~~ 




















applications. For example, lenses need not be round—a 
semicircular lens (or even a pie-shape piece of a lens) will 
still form a complete image with some sacrifice in image 
brightness. If a partial lens is used, the cut edges should 
be masked or painted to prevent them from receiving 
light. 


Selecting a lens 


Without extensive experience in optical design, you 
can’t hope to choose the right kind of corrected lens on the 
first try. Best you can do is follow these two rules: (1) 
inspect the optical instruments intended for an applica- 
tion similar to the one you have in mind and make note 
of the type of lenses used; (2) build a functional model 
of the system, using inexpensive lenses and replacing them 
with more expensive, corrected lenses when necessary. 
Good lenses cost money—quality of the lens is roughly 
proportional to its cost—so don’t specify fancy lenses until 
you are sure you need them. 

The best inexpensive lenses are those that have been 
removed from high-quality optical systems and sold as 
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surplus—assuming your application is similar to that for 
which they were designed. Chipped or slightly damaged 
lenses sold as “seconds” can also be used. Several optical 
suppliers carry large stocks of inexpensive lenses, many 
costing less than $1 apiece. Two defects are common: (1) 
Optical axis not in center of lens. This throws image off 
axis and causes image to rotate with lens. (2) Axes of op- 
posite curved surface not aligned. In effect, this puts 
image off-axis and increases aberrations. 

Lenses are generally designed to work for specific dis- 
tances of object and image. When choosing a stock lens, 
try to select one intended for magnifications of the same 
order as your application. Telescope lenses, for example, 
are designed for near-infinite object distances and usually, 
are unsatisfactory for close objects. If the catalog does not 
specify a recommended object distance or magnification 
ratio, it is safe to assume that the lens will be satisfactory 
for most general applications. 

Coated lenses are usually well worth the slight addi- 
tional cost. They pass more light because the coating kills 
reflections. These lenses are not a recent innovation. 
The principle was discovered more than 50 years ago when 
an experimenter found that tarnished lenses transmit more 
light then clear lenses. The coating on a lens, then, is 
simply an artificial tarnish. Coatings are usually designed 
to give minimum reflection in the middle of the visual 
spectrum, therefore they reflect some of the reds at one 
end of the spectrum and some of the blues at the other. 
The combination of these reflected colors causes the coated 
lens to have a purple cast. 

When selecting lenses don’t overlook plastic ones. They 
are less expensive, lighter and normally will pass more light 
than glass lenses. They are resistant to thermal shock, 
chipping and breakage, and can be drilled or machined 
for mounting. But because their surfaces are not as hard 
as glass, they are more easily scratched—the scratches will 
scatter light and fog the image. Lenses of materials other 
than glass or plastic may be required for special work. 
Quartz, for example, transmits light in the ultraviolet range 
down to 1800 angstroms, (glass usually cuts off at about 
3500 A). Quartz also has a higher melting point than glass 
but is optically inferior in some other respects. 


Mirrors and prisms 


Curved mirrors can serve in place of lenses to form 
images but in most optical systems of interest to the de- 
sign engineer their disadvantages outweigh their advan- 
tages. These mirrors are found chiefly in large astronomical 
telescopes and as reflectors for forming parallel rays from 
a concentrated light source. Ideally, such a curved mirror 
should have a parabolic surface so that parallel light rays 
will focus at a point. But spherical mirrors are easier to 
make and therefore less expensive; their spherical aberra 
tion is generally not too objectionable if the focal length 
is long. 

Mirrors are generally less expensive than equivalent 
lenses, particularly those of larger diameter, and there is 
no problem of chromatic aberration. But the reflecting 
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WEDGE-deflects light path 
small angle (usually less than 0.3°). A 
two-element wedge will be needed to cor- 
rect for chromatic aberration if deflection 
angle is large 


through 








RIGHT-ANGLE PRISM-—turns light path 
through 90° and reverses the image in 
one dimension. 


SS Sf 


DOVE PRISM-—teverses image in one di 
mension. Must be used with parallel rays 
of light. With converging light, aberra 
When dove prism 








tion may be excessive 
rotates about its axis, image rotates twice 
as fast. This feature is sometimes ex 
ploited to keep hand-held camera hori 
zontal; a dove prism in the view finder 
exaggerates apparent tilt angle of camera 


40% Absorbed 30% of image 
afensity 


BEAM-SPLITTER—usually made of two 
right-angle prisms cemented together with 
hypotenuse partly aluminized. Generally, 
about 30% of light is deflected both di- 
rections and remaining 40% is lost. 


Some common prism shapes 








PORRO PRISM-—simply a narrow right 
angle prism used to turn light path 180 
Reverses image in one dimension. It i 
used in binoculars to erect image of ob 
jective lens. Generally it is combined in 
one of the following two ways: 





Porro prism of first type—two 
prisms cemented together at right angles 
Reverses image in both dimensions. Light 
path is not deflected but is displaced. 


porro 





Porro prism of second type—porro prism 
with two right-angle prisms cemented to 
hypotenuse. Has exactly same effect as 
first type but is more 


slightly more compact. 


expensive and 
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RHOMBOIDAL PRISM-~—latcrally dis 
places light path without reversing image 
Same effect as two 90° prisms without 
light loss at intermediate faces 


AMICI PRISM-—righit-angk prism with 
“roof.” Bends light path 90 
verses image from left to right. Becaus 


but roof rm 


images are formed on top of cach other, 
roof must be exactly 90° 
1 double image. This can be correctcd 


or there will be 


but not very economically, by using onl) 


} 


left half of entrance face and right half 


f exit face (or vice versa 


PENTA PRISM = light path 
regardles 
Both TK 


flecting surfaces must be silvered becaus: 


without reversing image 


approach angle of incident rays 


angle of incidence is not large enough t 
permit total reflection 
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SIMPLE OPTICAL SYSTEMS . . « continued 


Typical lens mounts 





(Bare 


(PULL ALLL ring 


/atertwined 














Three spring clips.at 120° 
intervals 


coating is exposed to air where it can tarnish and the opti- 
cal system is generally more complicated than an all-lens 
system. 


Bending the optical path 


Prisms and flat mirrors allow you to vary the geometrical 
arrangement of your optical system. W ith prisms you can 
bend the light path to avoid obstruction, you can make the 
system more compact by folding the light path, and you 
can create special effects. 

A simple prism serves the same purpose as a flat mirror 
but prisms have several advantages. The silvered surface 
of a mirror re flects only part of the light—about 82% of 
the blue, 92% of yellow and 98% of the long infrared. 


Moreover, if the mirror is silvered on the back to prevent 


tarnishing (called a “second-surface mirror’), there will 
be annoying double reflections and an additional 8% of 
the light will be lost when light enters and leaves the glass. 
(Loss of light by absorption is usually negligible.) 
Mirrors have only two advantages: They are less expen- 
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Lens butts against shoulder of cell and is held 
in place by spinning lip of cell over end 

of lens. Lens must be a close fit in the 
cell. This design is particularly suited to 
eyepieces and interchangeable lenses. 


Threaded retaining ring holds lens in 
place but allows it to be removed for cleaning. 
Alternatively, lens can be held with 

a press-fit ring though it cannot be 

removed as easily. 


For vibration and shock ,esistance, spring- 
loaded mount uses two intertwined spri 
and a loose-fitting ring. Lens is held in place 
with a circular retaining spring, which 
snaps into internal groove in the housing. 


Condensers and other lenses exposed to 
heat are often mounted this way. Accurate 
positioning is difficult, but it allows 

glass to expand and exposes maximum 
lens surface to cooling air. 


sive than prisms, and can be positioned to give any angle 
of deflection (prisms can be made for any angle too, but 
stock units are usually 90°, or 180°) 

Prisms can cause aberrations just as lenses do. How- 
ever, because these are frequently opposite to the aberra- 
tion of a lens, they are sometimes used to counteract lens 
defects. Like lenses, prisms can be coated to reduce surface 
reflection. A variety of typical prisms are shown in the 
sketches on the previous page. 

Besides prisms, there are other devices that help the de- 
signer solve special problems in his lens system. The beam- 
splitter is one of these. In simplest form it is merely a 
semitransparent mirror, set at an angle to the light path so 
that part of the rays are reflected at an angle while other 
rays pass through. Beam-splitters are also made by cement- 
ing two right-angle prisms together at the hypotenuse to 
form a prism with a square cross-section. Whatever their 


form, the splitters are not every efficient, often absorbing 
on 


as much as 50% of the light. A typical one will pass about 


30% in each direction and absorb the remaining 40% 
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Also useful is the reticule. It can be purchased ready- 
made in a variety of patterns or can be made by etching, 
engraving or photographically printing a pattern on a glass 
disk. Reticules are useful for comparing or measuring the 
size of an image. Mount them so that they lie in the plane 
of a real image; this way they are seen as if superimposed 
on the object. It is important that the glass surface be 
kept free of dust and scratches—anything that lies in the 
plane of the image will be visible to the eye. 


SPECIAL CONSIDERATIONS 


If the design of your optical system depends on mag- 
nifying very small objects, remember that the resolving 
power of any lens is limited. Even with a perfect lens, a 
point source of light is imaged as a bright disk surrounded 
by alternate dark and light rings; the central disk contains 
about 84% of the light. If two object points subtend too 
small an angle at the lens, their image disks will overlap 
and the two points will look like one. The limiting angle 
depends on diameter of the lens and the wavelength of 
light. If we assume a wavelength in the middle of the 
spectrum (A = 550 angstroms), the limiting angle, 8, 
(in seconds of arc) is 


where d is lens diameter in inches. 
It is often necessary to provide elements that prevent 


the passage of certain rays of light. These elements are 
called stops. In general, there are three types: 


1. Aperture stops limit the amount of light entering 
the system. They control image brightness and are usu- 
ally placed close behind the objective lens. An aperture 
stop does not limit the field of view; that is the functio: 
of a field stop. 


2. Field stops are mounted in the plane of a real image 
in the system. They eliminate undesirable rays through 
edge of the field where aberrations are greatest and also 
serve to focus viewer's attention on the image at center 
of the field. 


3. Glare stops prevent stray light from passing through 
the system, improving image contrast. They are usually 
placed at the point where the image of the aperture 
stop would fall. The diameter and exact placement of 
stops are determined by ray-tracing. 

For most of the optical devices you would design, me- 
chanical design will be determined by the particular re- 
quirements of the over-all system and will be handled the 
same way you handle a mechanical system. Mounting of 
optical parts, however, is a special problem and requires 
special attention. It is good practice to mount the lens 
in a small ring or tube, which is then screwed or clamped 
in the instrument. This allows accurate location, ensures 
that lens is properly centered and that the plane of the 
lens is perpendicular to the optical centerline. Also it pro- 
vides means for adjustment. Brass is one of the best ma- 
terials for such lens cells. It is soft enough to be worked 
and is better than aluminum for threaded parts because 
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it does not gall. Multi-element lenses are usually supplied 
mounted in cells. 

Typical lens mounts are sketched in the facing page 
Notice that it is easier to locate a lens if it has one flat 
surface. Inexpensive mounts can also be made by bend- 
ing tabs from the side of a tube or by cementing the lens 
in a tube. But because these methods are much less ac- 
curate, they are not recommended for most systems. 

Mountings for prisms and mirrors, like lens mounts, 
should be made by first attaching the element to a flat 
piece of metal or suitably shaped casting, which is then 
clamped or screwed in place. Accurate location of prisms 
is just as critical as that for lenses—a slight misalignment 
of the prism can shift the optical axis and throw the entire 
system out of adjustment. Prisms can be mounted in a 
subassembly with clips or tabs or they can be cemented 
into a close fitting holder with an epoxy. All inside sur- 
faces along the optical path should be painted flat black 
to reduce reflections and scattered light. 


LAYING OUT YOUR SYSTEM 


You can lay out an optical system much the same as 
you would a mechanical system. Begin with the require- 
ments and make a rough sketch of the elements and the 
location of each. To start with, assume the system is a 
straight line—you can fold the light path where necessary 
after you have settled on a preliminary design. 

You have a number of variables to manipulate. Over- 
all size of the system is probably already fixed by the de- 
sign of the machine but you still have to settle on mag- 
nification, object distance, focal length, illumination, and 
lens diameter. The following equations will help establish 
some of these variables. Rough over-all size, R, is 


R=L+UL’' =L(M +1) 
and from the lens equation 


L? F(M + 1)? 
or * M 
The equations apply only to single-lens systems—for more 
elaborate systems compute individual R’s and add them 
together. 

Magnification is often the most important factor. From 
magnification and over-all size you can compute the focal 
length. Then the needed illumination ratio will tell the 
diameter of the lens. 

With these computations and a rough sketch as a guide, 
make a scale drawing that shows object, lens and image 
locations. Include prisms and stops where needed. Trace 
the principle rays through the lenses to show the lateral 
dimensions of the system. When tracing rays, observe 
these two rules: (1) rays parallel to the optical axis bend 
at the second principle plane of the lens and converge on 
the focal point; (2) rays through center of the lens are 
not deflected. 

Remember these two precautions when planning your 
preliminary layout: 

e Objects should be positioned perpendicular to the 


text continued, page 75 
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SIMPLE OPTICAL SYSTEMS ... 


Example 1 


WA vernier scale inside a nuclear reactor 
must be monitored by an operator. Be- 
cause of radiation, the scale cannot be 
viewed directly and because of heat, a 
reliable electrical or mechanical servo sys- 
tem would be expensive to install. Design 
an optical system that will allow the 
operator to see the scale as if located 1 
ft from his eye. 

The optical path must be bent as shown 
below to avoid structural member in- 
side the reactor. Total distance to the 
scale is 24 ft, so magnification needed is 
24/1 = 24. From a catalog of inexpen- 
sive lenses, a corrected objective is found 
with focal length of 45 in. and diameter 
3 in. With a corrected eyepiece from 
the same catalog (focal length = 1.25 
in.) the magnification will be 

F, 45 

ale 
Though this is more than needed, the 
additional magnification will do no harm. 

First, lay out the system in a straight 
line, ignoring for the moment the bends 


— = 36 


2u_y 


Vernier) 
scale 7 


Reactor optical path 


continued 


SIMPLE OPTICAL SOLUTIONS TO 


in optical path. Because of the extreme 
difference between the vertical and hori- 
zontal dimensions, it is almost impossible 
to make a scale layout. Even a scale 
drawing of just the system, objective lens 
and eyepiece, will be difficult. And ex- 
aggerating the vertical dimensions is little 
help; such exaggeration changes all the 
important angles. It is for this reason 
that it is better to compute the size of 
the extreme rays at points of interest and 
draw the elements in these areas. 
Assuming thin lenses, place the objec- 
tive and eyepiece so that their focal points 
coincide. Locate the eyepiece at a point 


slightly less than twice its focal length 
from the operator’s eye. It will be neces- 
sary for the operator to see the full length 
of the 1-ft scale, therefore, the field angle 
will be 


tan of } angle = 9°. = 0.025 


The lenses chosen will easily cover this 
field. Further, the scale marks are rela- 
tively coarse, so resolution will be 20 
problem. 


From the layout it is apparent that the 
reflecting surfaces will all have to be 
quite large and, in the case of the one 
closest to the scale, larger than 1 ft. 
Mirrors are the only answer in these cir- 
cumstances. First-surface mirrors are best 
to keep light loss and double-reflection to 
minimum, 

When the lenses arrive, measure their 
principal points. From these measure- 
ments make an accurate layout, still work- 
ing with a straight-line optical bath. Draw 
mirrors at 45° (for right-angle bends); 
compute size from distance between ex- 
treme rays as in sketch below. 

Draw final layout to show system with 
90° bends and full-size, detailed lens and 
mirror mounts. An enclosure around the 
optical path will not be necessary in this 
case unless there are other sources of light 
in the system. Nearby reflecting surfaces, 
however, should be painted flat black. 
Make eyepiece mount adjustable to accom- 
modate for different eyes and correct for 
small layout errors. Test a mockup of 
the system before installation.@ 


Mirror surface 
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Eye point 
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Horizontal scale =30-/ 
Vertical scale =/O-/ 


Optical system 
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3 Mirror 


4" Mirror 


=< 99.25" 


Otyective fyepiece 
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THESE MECHANICAL PROBLEMS 


Example 2 


@ Design a system to count parts as they pass on a conveyor belt. The parts, 
are Ys in. dia and 4 in. long, are oriented on the belt with long dimension 
perpendicular to direction of travel. Mechanical counting is not practical; 
the parts are too small and too light to be detected by feelers and there is no 
way to count the parts when they are handled before or after they pass on 
the belt. Nor can they be counted by passing light through the belt (it is 
opaque) or across the belt (other machine elements interfere) . 

An over-the-belt optical counter seems to be the most practical answer. 
Light shines on the belt and part, and image of part is reflected through 
a lens into a photocell. This method will also allow the counter to discrimi- 
nate between different colored parts (different reflectivity) and reject off-color 
parts, if that is desirable. The counter will have to fit in a space between 12 
in. above belt (where machine elements interfere) and 2 in. above belt 
(minimum clearance allowed by production engineer). 

Choose a lens with small f-number and focal length greater than 2 in. A 
catalog of lenses shows a 1.45-dia lens with 2.60 focal length. This gives an 
f-number of about 1.8, which should be adequate. With a photocell that 
has an active area of ¢ in. sq, magnification will have to be 4 + Ye = 2 to 
achieve maximum output. Assuming a filament light-source, make a pre- 
liminary layout of the system, using the same lenses in both the light-focusing 
and image-forming parts of the system. 

Start with the image-forming system and compute lens and photocell 
position for the needed magnification. 


M +1 ) ( 3 ) \ | | 
L=F = (2.6)| — } = 3.90 \ } i 
( M : x Lenses | | 


Similarly, image distance will be 7.76 in. Then, working with light-focusing F=260 | 
side of system and assuming a filament 0.050 in. wide, magnification will be \ diaz 145, | 
0.062/0.050 = 1.25, and distance between light source and the lens will be 2.6 L | 
(2.25/1/25) = 4.68 in. Image distance is 5.85 in. The graph on page 
67 can be used to compare the illumination of alternative lens system. 
When the lenses arrive, find the principal points and make an accurate 
layout. Test the system, using the actual parts and a background with same 
reflectivity as belt. Several corrections may be necessary: The threshold level 
of the photocell may need to be adjusted; the lamp may not be bright enough; 
a shield around the photocell may be needed. When the system operates 
reliably, make detail drawings of the lens mounts, lamp holder, photocell 
mounting, tubes, shields and other mechanical parts. @ 
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Optical counting system 


optical axis. Nonperpendicular objects projected on an 
equally nonperpendicular screen will not be uniformly 
magnified. Or if their image is projected on a perpendicu- 
lar surface, parts of the field will be out of focus when other 
parts are in focus. 

@ Place objects close to the optical axis wherever pos- 
sible. Avoid layouts in which light rays enter the lens 
it large angles to the optical axis—aberrations such as coma, 
istigmatism and lateral color are generally greater under 
these conditions 

When you've worked out the preliminary design to your 
satisfaction, purchase the lenses and find their principal 
points and focal lengths according to the procedure for 
thick lenses. Draw a precise layout and trace the rays 
through the system to be certain that the optical elements 
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are properly placed and that there are no obstructions in 
the path of the rays. 

You may want to make several experimental models of 
the system before settling on a final design. If the model 
has some defects you may be able to cure it with better 
quality components or simply by adjusting the location of 
a critical part. If there are serious difficulties, it is prob- 
ably best to call in an optical consultant. But avoid calling 
him too early—many of the design problems you face are 
not optical but mechanical and do not concern him. Settle 
on the mechanical system and the rough optical system 
before you turn the problem over to an expert 


For REPRINT of above article, just check 592 on one of the Reader 
Service cards found in this issue. 
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PRODUCT DESIGNS 











... Think Big 
_.. Think Small 


But don’t split our personality. That was 
International Harvester’s order when it 
asked its designers for a still bigger tractor 
and a still smaller one. The double result 
is shown on our cover and analyzed on these 


two pages. Aside from sharing the I-H look, 


both machines aim at making it easier for 
the operator. One, for today’s big-scale far- 
mer, is a 300-hp, 4-wheel-drive giant openly 
competitive with crawler types; the other, 
a 7-hp little fellow, is for the homebody out 


in suburbia, 


THE SMALL ONE 


International Harvester already had its 13-hp Cub, a 
handy machine for small farms. But the company asked 
its Farm Equipment Research Center for something still 
smaller. Here’s why: 

With the growing trend to suburban living, half the 
population increase in coming years is expected to be in 
open or “urban” country—an estimated increase here of 
32 million by 1975. This market needs a comfortable, dur- 
able, lawn or garden tractor smaller than a conventional 
farm tractor, but more powerful than a riding mower— 
yet with equal simplicity in design and handling. 

Requirements set up for the Cub Cadet late in 1959 
called for a 7-hp tractor with three forward speeds and 
reverse in an enclosed transmission giving a maximum 
ground speed of 6 to 8 mph. Controls were to be simple, 
foolproof and low cost. Variable-ratio steering was needed 
for easy control in normal driving but fast response for 
quick turns. The tractor had to be comfortable and look 
like a tractor. 

Appearance considerations were brought in during early 
development and several design prototypes were worked 
out during 1960, with appearance guided by the stylists’ 
concept. The first tool-made tractors were turned out late 
in 1960. 

Transmission selected is the production unit in use on 
the 13-hp Cub, with input ratio modified to give desired 
ground speed with a 3600-rpm engine. Rear wheels are 
mounted on sides of transmission case; the hitch bolts on 
rear of the case and seat on top; frame for engine and 
front axle mounts on front of transmission. 

Drive from the Cadet’s 7-hp engine is by V-belt, with 
the driven pulley incorporated in a novel clutch. One 
foot pedal on the left side combines clutch and brake; 
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initial pedal movement disengages clutch, remainder of 
travel applies brake. 

For operator comfort, engine is mounted with flywheel 
and cooling blower at rear and muffler at front, so cooling 
air is blown out the front. Starter switch, throttle, choke 
and ignition switch are on control panel under the wheel. 
Steering is through a barrel cam on the steering rod mov- 
ing a pitman arm and drag link to a conventional tierod 
assembly. Cam contour gives a slow ratio straight ahead 
with a faster ratio on either side. 

Hood lifts at rear, pivoting at grille to give access 
to fuel tank and 12-v battery. Starter-generator is driven 
from the front end of the crankshaft, which also serves 
as a power takeoff for implements. 
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THE BIG ONE 


International Harvester has become 
increasingly aware that significant 
changes in agriculture are opening 
new markets for larger tractors. Aver- 
age farm size is increasing, calling for 
increased tractive effort and higher 
speeds. Furthermore, irrigation and 
improved methods are opening large 
areas in low-rainfall climates with dry 
firm soil—here a 4-wheel rubber-tired 
drive provides adequate traction and 
contact area, permitting higher speeds 
than obtainable with crawlers. 

Requirements given engineers at the 
F G Hough Co (I-H subsidiary) were 
to develop a 15-ton, 180-drawbar hp, 4- 
wheel drive-and-steer tractor with an 
air-conditioned cab, using a new I-H 
817-cu in. turbocharged diesel develop- 
ing over 300 hp. Operator effort had 
to be reduced to a low level, but with 
no loss in maneuverability. This 
called for power operation of clutch, 
brake and steering. 

Time lapse from formation of the 
project group to construction of the 
first prototype was only nine months. 
Field demonstrations were made in 
Sep 1960, and first limited production 
run is scheduled for May 1961. 

Major design problems were in 
powering the steering and controls, 
and in developing the transmission 
and rigid frame. 

Hydraulic power for operating 
brakes, clutch and steering is supplied 
by an engine-driven pump delivering 
55 gpm at 1200 psi. System is de- 
signed to give 15-gpm preference to 
the steering system. Steering drive 
to each wheel is mechanical for syn- 
chronization, with mechanical selec- 
tion of front-wheel, four-wheel or crab 
steering hookup; hydraulic power 
amplifies manual steering effort. 

Transmissions available lacked the 
wide speed ranve needed; creeping 
speeds, closely grouped series in the 
working range, and high speeds for 
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road travel. A new transmission was 
developed with ratios giving 6 for- 


Tie rod ——. 


shock loads on 
torque amplification, but can be locked 
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front oxle 


¢ 


——~hing pin 


gearing and 
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ward speeds in the range of 3.5 to 7.5 
mph, and 14 and 23 mph (with engine 
governed at 2100 rpm) plus four re- 
verse speeds of 2.7, 3.2, 3.7 and 11.3 
mph. A torque converter reduces 


out if desirable. 

For operator comfort, cab is dust- 
tight, positive-pressure ventilated by 
a blower and dry filter, and provided 
with a heater and an air conditioner 
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FOR STRONGER, TOUGHER 


METAL-POWDER 
PARTS 


Sintered iron powders with densities over 90% can 


do jobs formerly restricted to wrought or cast 


metals. The process gives greater accuracy with 


change in section. Ductility of the high-density 
metal-powder part allows cold-working for the 
improved properties. 


Although higher density costs more, it offers these 
benefits not found in conventional metal-powder parts: 
higher strength and ductility, better dimensional accuracy, 
finer surface finish, increased resistance to wear and abra- 
sion, and less surface porosity for better soldering and 
brazing. 

The high-density parts are made by first pressing the 
powder at 50-60 tons per sq in., sintering, and then in- 
creasing density still further by an additional pressing. 
This second pressing raises density of the part and also 
improves its dimensional accuracy. The die burnishes the 
part as it is ejected, improving surface finish at the side. 
[he parts are then carburized and heat-treated for higher 
surface hardness and better wear-resistance. 

Most high-density parts are made from electrolytic- 
iron powders. The graphite additions in normal-density 
metal-powder compositions are usually not used, because 
carbon forms an alloy with iron during sintering and 
makes the part difficult to press to high densities. 


High-density properties 

High-density metal-powder parts can be heat-treated 
to obtain a wide variety of mechanical properties. ‘Ten- 
sile strengths for high-density iron-powder parts are given 
in Table I. Although these parts are stronger than lower 


less machining; finished parts are therefore 


cheaper despite higher material costs. 


FELIX GIORDANO, regional editor (Detroit) 


density ones, this alone is not enough to justify the 
increased cost. For example, tensile strength can be more 
cheaply attained by adding copper and graphite to the 
powder mix and pressing to a normal density (70 to 85%). 
However, graphite in the mix makes such a part difficult to 
wet in soldering or brazing. 

High-density parts also have high ductility (up to 25% 
elongation), better toughness and impact resistance, and 
a dense structure without interconnecting pores. When 
the density is increased to over 93%, the resulting closed 
pores reduce flux entrapment during soldering and braz- 
ing. This produces more reliable joints because cor- 
rosive fluxes are easily removed. Closed pores also aid 
adhesion of electroplates and give a definite carburized 
case with soft core. This sharp definition is needed in thin 
parts that must be hard at the surface to resist wear, and 
soft inside to withstand impact. In contrast, a density 
lower than 92% allows carburizing gases to penetrate 
deeply into the part; this hardens the entire part and makes 
it more brittle. 


Shape of the part 


Shapes and sizes of product are more restricted than 
for normal metal-powder densities. While most high- 
density parts are thin, with thickness less than width or 





I—TYPICAL PROPERTIES OF HIGH-DENSITY IRON-POWDER PARTS 





Powder Process Heat Treatment 


Density 
gm /cc % 


Relative 
Density, 


Tensile Yield 


Strength, 
psi X 1000 


Strength, 
psi X 1000 





Pressed, sintered 
Pressed, sintered 
different temperatures 


Pressed, sintered coined none 
Pressed, sintered, none 
coined, resintered 

Pressed, sintered, 
coined, resintered 
temperatures 





6.8-7.3 


none : 
Carburized, hardened, tempered at 6.8-7.3 


>7.5 >95 
>7.5 >95 


Carburized to different case depths, 
hardened, tempered at different 


>7.5 90 to 100 


86.5 to 93 28 to 38 20 to 24 
86.5 to 93 50 to 62 

65 to 78 
75 to 95 ee 
54 to 59 52 to 56 
45 to 49 29 to 31 


78 to 86 
110 to 120 
157 to 165 
190.t0 200 


132 to 138 
160 to 170 
190 to 200 
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PARTS WITH THIN PROJECTIONS or two diameters can 
be made to densities about 90% if not re-pressed. 


diameter, maximum thickness can be as high as 4 times 
the width. Density is higher at punch faces in these 
thick parts, because the powder does not transmit pres- 
sure uniformly and tends to stratify. 

Parts with two diameters are not recommended if re- 
quired density is over 90%. They tend to form a weak 
plane at the common cross-section when re-pressed. Large 
changes from thick to thin sections also hinder re-press- 
ing and are difficult to make with density over 95%. 

There are no limitations on hole shape, but diameters 
smaller than # in. are impractical. Holes parallel to the 
punch axis should have a depth less than 4 times their 
diameter and be at least % in. from any edge. 

Chamfers should be less than 45° to the punch face 
and end in a shoulder at least 0.005 in. from the edge to 
avoid feather edges on the punch. Radii have no mini- 
mum-size limitation, but like chamfers should not ex- 
tend to the sides of the parts. 

Dimensional tolerances are generally better than those 
of normal-density parts because coining sizes the parts. 
Also, carbide dies, which must be used, have low wear. 
Die wear often is as low as 0.0005 in. for production runs 
of several million pieces. This gives consistent dimen- 
sions from part to part and even for interrupted press 
runs. Dimensional tolerance and surface finish that can 
be expected from high-density metal-powder parts are 
given in Table II. Sometimes, the surface finish that can 


7 





1l—WHAT YOU CAN EXPECT IN HIGH-DENSITY PARTS 





Tolerance on these dimensions 


Radial locations 
Concentricity—(total indicator reading)... . 0,001 in. 
—between holes 3/1é6orlarger 0.0015 in. 
Surface finish on die and core surfaces 
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LARGE DIFFERENCES between thick to thin sections 
limit densities in these parts to about 95%. However, this 
density is sufficient to improve soldering properties. 


be obtained by re-pressing is enough to justify the process 
because it eliminates need for grinding and polishing. 

Maximum part size depends upon press capacity. Most 
high-density parts have been made on 50-ton presses, 
which can produce a cross-section up to | sq. in. In these 
parts, maximum length is 3 in. and max thickness about 
3 in. High-density parts generally require 50 to’ 60 tons 
per sq in. of section, with the higher pressures required 
for more intricate parts. 


Cost comparison 


Carbide tooling for high-density metal parts is expensive. 
As a general rule, high-density parts don’t pay off until 
production quantities approach 10,000 pieces and part 
shapes become more intricate. However, many short runs 
of high-density blanks are economical even though 
quantities are not large enough to justify an intricate 
die. Blanks for small precision gears are a good example. 
It is impractical to press in the fine tooth form. But it is 
possible to form blanks (accurate within +0.0005 in.) by 
re-pressing, and machine them to finished gears at less 
cost than that for machining directly from solid bars. 


How to specify 


Although the process is being used with a variety of 
materials, high-density parts of iron powders are the most 
common and are the only ones covered by an ASTM 
specification (B309-58T). Even this specification is still 
tentative. Additional industry-wide standards are being 
prepared by the Powder Metals Parts Manufacturers 
Association, but until such standards are adopted, speci- 
fications of individual manufacturers are the only available 


guides. 


EDITOR’S NOTE: For additional design data on sintered- 
powder parts, see these articles: 

Guide to Specifying Metal-powder Parts, July 25 ’60, 
p 56—When designing with metal powder, how much the 
part costs will depend not only on the kind of powder 
but on how much porosity you can tolerate. 

Powder-metal Process and Part Design, Mid-Oct ‘55, 
p D-14—Influence of shape, size, tolerances and meehanical 
properties on selection of a metal-powder process. 
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NEW EQUATIONS SIMPLIFY 
PIN MEASUREMENT OF GEARS 


Here are explicit formulas for calculating over-pin or between-pin 
measurements of ideal tooth forms. They also establish measure- 


ments for desired variations in tooth or space thickness. 


JOHN H GLOVER, product design engineer, Ford Motor Co, Detroit 


Ary good machinist’s handbook includes tables which, 
with some calculations, provide nominal values of over- 
pin measurement of external gear teeth or between-pin 
measurement of internal gear teeth. The equations on 
which these tables are based are also well known, but 
their disadvantage is that they do not easily solve for 
minor variations in tooth form. Further, they use terms 
relating to the theoretical tooth-form parameters rather 
than those that usually appear on the drawing. 
Transformation of these formulas into more convenient 
terms, plus an extension of the relationships to include 


REFERENCE EQUATIONS 


Basic relations: 
tan ¢@ =tan ¢, sec ¥ 


inv @ =tan oa[Gmeepelrane] Patecnal + 
inv ¢4=inv o[Gregan es] Internal 





For tolerance analysis: 


Ainv 4 = * (At,) re 


{interaal = 


Internal 


> 
A inv $4 = (aq): 800 oy 


Ainv @4 = * (Ad) Te see oe 


faait 
Master equation: 


90 
M = cos (aN) | Dome 6 =d 
| N ’ 4 ; + (7) 


WORKSHEET 
Gear Part No.X-/000 External___ internal.__ 
N40_ »,20&p p, /0 42/750 
SEE Soap 5, p,. 42540 


. 








variations of tooth or space widths, solves both problems. 
It becomes possible to set up a combination reference and 
work sheet giving all the necessary equations and including 
spaces to be filled in a relatively routine way, leading to a 
quick, easily checked answer. 


The equations 


The formulas apply to spur, helical, external or internal 
gears. Since the spur gear is a special form of the helical 
gear (with helix angle equal to zero) the general equations 
(1) through (7) apply to either. 

For internal gears, either tooth or space thickness may 
be specified, and this is taken care of by using Eq (2) 
when tooth thickness is specified, and Eq (3) when space 
thickness is specified. 

The measurement M usually corresponds to a low and 
high limit for tooth or space thickness, and this requires 
two values for inv ¢,. The simplest way to obtain them is 
to substitute t, min OF Semin from drawing specifications 
in Eq (2) or (3) to obtain inv win. Then, inv $4 mx= 
INV $4 min t+Ainv ¢,4, Calculating Ainv ¢, from Eq (4) or 


(5). 


D, — Base diameter of the gear 

d — Pin or ball diameter 

M — Measurement over two pins or balls for an 
pee per a hone Fae eee oe 
in gear. 


P,, — Normal diametral pitch (P, = rs/Px) 

N — Number of teeth in the gear 

p» — Base circular pitch 

Ps — Normal circular pitch 

p, — Transverse circular pitch 

8, — Normal space thidkness measured on the pitch 
cylinder 


t, — Normal tooth thickness measured on the pitch 
Aa—S ae peta Hes 2 EE IS Se 


ex- 
aD 


¢» — Normal pressure angle at the pitch point 
¢@: — Transverse pressure angle at the pitch point 
¥ — Pitch helix angle 
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External, even 
number of teeth 


External, odd 
number of teeth 


f We 
Bose circle / J / 


// | wg 
MY Pe | 








Eq (6) is used to calculate Ainv ¢, in terms of d, and is 
useful when original pin or ball is unavailable. 

Che final equation (7) is a general one in which N may 
be either odd or even; this is in contrast to other similar 
equations. Geometrical relations are shown in diagrams. 
Use of the discriminating factor AN ensures that the odd 
numerical factor cos 90/N will be used only for odd- 
numbered teeth. When two separate equations are used 
for odd and even numbered teeth, there is always the 
possibility of having an error introduced by using the 
wrong equation. For interchangeability of pins or balls 
in Eq (7) two conditions must be met: The gear must 
be external, and if it is helical it must have even number 
of teeth. If these conditions are not fulfilled, the measure- 
ments must be made with balls only. 


(2A) number of teeth 


internal, odd 
number of teeth 


internal, even 


DEFINITIONS 

Pressure angle in a given plane at a point on an 
involute is the angle between the profile normal at the 
point and the normal to the line drawn from the point 
normal to the axis. 

Involute function of the pressure angle (invd), so- 
called because it is equal to the tangent minus the 
angle itself expressed in radians, is the polar angle 
subtended between the origin of the involute curve at 
the base circle and the point on the involute curve 
where the pressure angle is measured. 

Circular pitch on a gear is the distance on the pitch 
cylinder measured in some definite direction from a 
point on the profile of one tooth to the profile on the 
same side of an adjacent tooth—p, and p, in Fig 1(B). 
Geometry for internal gears, Fig 2(B), is analogous. 

Central angles 4, and ¢, are equal in magnitude to 
the pressure angles at A and P,, but are more properly 
called profile angles. The angle 4, at A is the definitive 
transverse pressure angle at a point A on the involute 
helicoid. 


EDITOR’S NOTE: For additional in- 
formation on pin measurement and 
design factors for gears, see: 

Tolerances for Over-pin Measurement 
of Gears, May ‘57, p 194—Gives for- 
mulas and tables for converting AGMA 
specs for standard backlash and tooth 
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errors to tolerances for over-pin meas- 
urements, 

Avoiding Gear-tooth Interference, Nov 
’b4, p 207—Simple method with design 
charts for calculating max diametral 
pitch that can be used without under- 
cutting or nonstandard tooth forms. 


Measurement and Control of Chatter 
in Gear Drives, Dec '56, p 168—Gives 
chatter analysis by instrument; equa- 
tions, for computing speed variations 
and eccentricity; recommendations for 
gear reducers and drive motors. 
—Frederick Marich 
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Nomographs give the answer. . . 


WHAT SIZE DRIVE ROD BETWEEN 
VIBRATOR AND TEST PIECE? 


DOMENIC CERASUOLO, dynamics test engineer 
Raytheon Co, Bedford, Mass 


SYMBOLS 


4 = Diameter of rod, in 
= Modulus of elasticity of metal other than steel, psi 
=~ Modulus of elasticiiy of steel, psi 
4 Vibration yy omped cps 
= Equivalent f ‘orce on rod, lb 
== Gravitational acceleration, i in. /sec? 
1 = of rod, in. 
M, = Weight of vibrating of mounting table, Ib 
M; = Weight of tested pment, Ib 


Bn vibration-testing it is not always possible to attach 
the exciter directly to the piece of equipment being 
tested—often, therefore, a drive rod must transmit 
the vibrations to the test piece. For example, exciters 
cannot always stand the extremes of combined vi- 
bration and environment testing. Sometimes the 
magnetic field of the exciter coil affects electronic 
equipment being tested. And heavy equipment 
undergoing horizontal vibration-testing requires big 
exciters. 





Dimension Ratio, DYL 








|-DIMENSION RATIO 


ae a 
T 


Equivalent Force F, |b 
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O 

By supporting the equipment externally instead of Nomograph II solves for diameter D after dimen- 

on the exciter, a smaller exciter can be used, thus sion ratio D?/L has been found. 
extending its load range. With a drive rod, the vi- 
brator is outside the environmental chamber, its 
magnetic field at the electronic device is weak and An exciter will be outside an environmental cham- 
it can vibrate heavier equipment. ber, 24 in. from a 200-Ib landing gear and 200-Ib 
EQUATIONS mounting table, which it will vibrate at 500 cps. 


What size should the drive rod be? 

Nomograph I solves for dimension ratio 

D*/L = 16F x f?/Eg 

Force F = M,M,/(M, + M.) includes only the Equivalent force F = M,M./(M, + M.) 200 
weight of mounting table and equipment. Accuracy 200/(200 + 200) = 100 bb. 
is 1 to 2%, good enough for low frequencies. At Draw a line from F = 100 on the left scale of 
high frequencies, to get 1% accuracy, add in one- Nomograph I, through f = 500 on the slanting scale, 
third of the rod’s weight. to D*?/L = 0.11. 

Value of modulus of elasticity E in the nomo- On Nomograph II draw a line from D*/L 0.11 
graph is for steel, 30 x 10°. For a different metal, at the left to L = 24 on the right. The line inte: 
convert to the right diameter with the equation: sects the center scale at the answer, diameter D 
true diameter = D (E,/E,)?. 1.63 in. This is the minimum diameter. 


Example 


Solution 





II-ROD DIAMETER 


Rod Length L, in. 


\ 





Rod Diameter D, in. 


eae Ratio DYL 
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PALNUT LOCK NUTS 
and FASTENERS 


Cost Little--Assemble Fast--Hold Tight! 


PALNUT }PUSHNUTI PALNUT 
LOCK NUTS FASTENERS Self-Threading Nuts 
for for ELA 


threaded members unthreaded members their own threads 


NO!SN&3W!d | | 


S 
& 


¥ 


..is shape flexibility 





The investment casting proc- 
ess allows a new freedom of 
design ...in shape... in 
materials. You can now 
design for function—the way 
you want the part! 


Many types and sizes to slash fastening costs ie a 


instrument chassis was 


on sheet metal assemblies--mechanical and electrical ee poy ere 


i * ae = casting without design com- 

equipment--components--parts--ornaments, etc. canta. Cinta a amine. 

sive and complicated ma- 

‘ chining operations would 

SEND FOR CATALOGS AND BULLETINS = — otherwise have been re- 

showing all types of PALNUT Lock eS | ie - quired. Check your design 

eo > . with Hitchiner—in many 

applications and full specifications. ; cases you can buy /ust what 
Describe your application for recom- . = : ~ = : you want. Write for 

mendation and free samples. Or ~~ BI ie fo ; complete 


Nuts and Fasteners, plus typical 


have a PALNUT fastening engineer we - technical 


call. ‘a a and facilities 
information. 


“ THE PALNUT COMPANY . 
) Vy if DIVISION OF UNITED-CARR FASTENER CORPORATION HITCHINER 


65 Glen Road, Mountainside, N. J. Milford 1, New Hampshire 
Canada: P. L. Robertson Mfg. Co., Lid., Milton, Ont. 


LOCK NUTS and FASTENERS 
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SIGNIFICANT COMPONENTS 
MATERIALS, PROCESSES 


Booted universal joints . . . 

are suitable for heavy loads, high speeds 
and/or high heat. Useful 
dirt and other contaminants are problems, 


where dust, 
or any situation where lubrication with oil 
is difficult or impossible. Joints are fitted 
with oil-resistant neoprene covers which 
allow them to be prepacked with greasc 
Cover or boot, held in place by snap 
wires, does not affect joint performance, 
allowing operation through full 40 
working angle. Standard duty joints are 
available from % to 24-in. OD, with static 
torque range from 220 to 30,000 in.-lb, hp 
from 0.35 to 120 and speeds to 1500 rpm 
Heavy-duty units have same OD, static 
torque range from 540 to 48,000 in.-Ib, 
hp from 0.86 to 230 and speeds to 1750 
rpm. Boot OD, depending on joint size, 
ranges from 1} to 54 in. From stock. 
Lovejoy Flexible Coupling Co, 4856 W 
Lake St, Chicago 44. 

Circle 300 on Reader Service Card 


fr. 

A 
<a 

ay 





Insert makes electrical 


connection ... 
in molded plastic and is installed after 
molding, reducing open-press time and 
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eliminating flash-removal operations. Elec 
trical connection is formed by placing a 
terminal or contact strip over eyelet 
(protruding above workpiece surface) and 
then crimping eyelet over terminal. Lead 
wires are attached to connection by screw 
threading conventional binding into insert 
Four-eared brass spreader, prefitted inside 
tapered insert, anchors it into plastic 
Spreader is pushed downward, expanding 
and locking insert’s knurled external walls 
against the plastic. Size 6-32 insert pro 
vides min 18 in.Ib of torque and averag¢ 
of 240-lb pull-out Available 
from stock in sizes 4-40 through 8-32 with 
0.040 and 0.064-in. eyelet heights which 
will accommodate terminals with #( 
through #10 holes in popular thicknesses 
Phelps Mfg Div, Heli-Coil Corp, Danbury, 
Conn. 

Circle 301 on Reader Service Card 


strength 


Socket jam screws... 
have clear-through hexagon sockets, acces 
sible from either end; high compression 
strength (alloy steel heat-treated to Rock- 
well hardness of C48-52); and short over- 
all length (# to 4 in.). Can be used for 
adjusting spring compressional forces in a 
detent application; as a forcing member 
when pin is used for locating or holding; 
or to lock another setscrew. From stock 
in No. 4- to 1-in. dia at $3.75 to $28.35 
per 100. Holo-Krome Screw Corp, Hart- 
ford 10, Conn. 

Circle 302 on Reader Service Card 


Hard cellular elastomer 
compound .. . 
is a solid, closed-cell molded compound 
which makes components such as carbu- 
retor floats leakproof even when holes are 
drilled completely through them. Ma 
terial is billed as crushproof, chemically 
resistant to all fuels and additives and 
unaffected by corrosion. Rogers Corp, 
Rogers, Conn. 

Circle 303 on Reader Service Card 


Pulse light source .. . 

emits pulse of light 1 nanosec wide at 
50% point when excited by an electrical 
pulse at a typical repetition rate of 10( 
pps. Size of light spot is a disk approx 
\ number -of light 
time in 
an array—with time jitter between pulses 
less than 0.2 Time delay can 
then be added with delay cables. Lights 
connect to 5l-ohm coaxial cable. PEK 
Labs Inc, 4024 Transport St, Palo Alto, 
Calif. 


0.010 in. in dia 
sources can be excited any one 


nanosec 


Circle 304 on Reader Service Card 


Sprocket hub... 
is universally adaptable to all standard 
4fs-in. ID sprockets. Hub is a precision 
casting using #380 aluminum alloy and 
is said to be 31% lighter than other hubs. 
Has recessed bolt heads, double tapered, 
noncreeping bushing and plated aircraft 
nuts and bolts. Priced at $4.95. Azusa 
Engineering Inc, 16208 Arrow Hghwy, 
Azusa, Calif. 

Circle 305 on Reader Service Card 


Subminiature solenoid . . . 

from stock, is reported to be priced com- 
petively with 5 times larger, heavier unit 
having same performance characteristics 
Measures 0.625 in. long x 0.438 in. dia 


continued on page 86 
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COMPONENTS * MATERIALS * PROCESSES 


. continued 


and weighs 11 gm. Power input is 14 w; 


Allows 
continuous duty without burnout on 3 
x 3 aluminum plate 4-in. thick 
construction is said to dissipate heat mor« 


stroke, 0.125; and force, 260 g’s 
Spec ial 


readily from coil interior, allowing greater 
power input without threat of catastrophic 
failure. Unaffected by humidity, thermo 
cycling, vibration, shock and acceleration. 
Marshail Industries, 2065 Huntington Dr, 
San Marino, Calif. 

Circle 306 on Reader Service Card 


Circulating ball slide . . . 
for electronic rack and cabinet packaging 
supports weights in 1000-lb range. Two 
circulating ball channels extend com- 
pletely around top and bottom of slide, 
allowing easy sliding action. As chassis is 
pulled out of cabinet, weight is evenly 
distributed over all of bearing surface, and 
balls move in same direction as chassis 
Available in standard sizes from 16 to 24 
in. (in 2-in. increments) and from 24 to 
60 in. 
Slide, measuring 14 in. wide and 3 in. 
high, is coated with a bonded film of 
molybdenum disulfide for permanent dry 
lubrication. Chassis-Trak Inc, 525 § 
Webster, Indianapolis 19. 

Circle 307 on Reader Service Card 


(in 6-in. increments) on request. 


Flat-rim dish lock washer . . . 
for fastening components to plastic and 
die-cast bodies, comes in sizes to fit small 
recesses or confined areas frequently found 
in electrical equipment. Rim is propor 
tioned to support fastening load without 
injuring plastic by overstress or milling 
action. Conical provides locking 
teeth with spring loading to protect unit 
from loosening due to vibration, cold flow 


body 
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of material or dimensional changes. 
Replaces split ring and flat washer for 
same applications. Available as free washer 
or as one-price, preassembled unit with 
either screw or nut. Shakeproof Div, 
Illinois ‘Tool Works, St Charles Rd, Elgin, 
Ill. 

Circle 308 on Reader Service Card 


Glass-base epoxy... 
is flame retardant and said to be easily 
fabricated. Laminate is available in 40 x 
48-in. sheets with thicknesses ranging from 
's to 1 in. In ¥-in. thickness, material 
can be sheared and punched with min 
heating. Flexural strength at that thick 
ness is 66,000 psi lengthwise and 60,000 
vsi crosswise. Tensile strength is 52,000 
psi lengthwise and 44,500 psi crosswise 
Spaulding Fibre Co Inc, 310 Wheeler St, 
Tonawanda, NY. 

Circle 309 on Reader Service Card 


Adjustable cam assemblies . . . 
in miniature size, have positive locking 
at any predetermined operational setting 
within range of 0 to 180°. Machined from 
#303 stainless steel with clear passivated 
finish, units are from stock in 0.1248-, 
0.1873- and 0.2398-in. bore sizes and in 
pin- or clamp-type hub styles. PIC Design 
Corp, 477 Atlantic Ave, East Rockaway, 
LI, NY. 

Circle 310 on Reader Service Card 


Snap-in connectors . . . 

maintain electrical properties at 500 F 
Can be inserted and mated with 7-Ib hand 
force and disconnected with handpull of 
20 Ib. Phosphor-bronze contacts in both 


male and female parts are interchangeable 
Available in 13 sizes, ranging from 7 to 
123 contacts. US Components, 1320 
Zerega Ave, New York 62. 

Circle 311 on Reader Service Card 


Machine mount. . . 

levels equipment weighing as much as half 
a ton. Has sound- and vibration-dampen- 
ing pad that prevents up to 85% of 
transmitted vibration from reaching floor 
Available with 
cither 3- or 4-in. leveling bolts and with 
any of three types of pad material for 
different load ranges. With mount, aver 


and building structure. 


age machine tool reportedly can be posi 
tioned for less than $10. Unisorb Div, 
Felters Co, 210 South St, Boston. 

Circle 312 on Reader Service Card 


Pipe and hose fitting . . . 


has swiveling nut which is turned to draw 


pipe or hose end against its chamfered 
seat, effecting a high-pressure seal. Made 
of brazed steel, fitting is available in four 
common straight and angle styles in pipe 
sizes up to | in. L & L Mfg Co, 21590 
Hoover Rd, Warren, Mich. 

Circle 313 on Reader Service Card 


Malfunction detector . . . 

automatically prevents repetitive cycle 
equipment such as_ injection-molding 
machines from closing improperly. Stops 
machine from applying clamping pressure 
when protruding objects (as small as 
0.005 in.) are lodged in molds, when dies 
are misaligned, when tie rods and guide 
ways need lubrication and when die pins 
tighten. Consists of visual control panel 
which permits monitoring of each die 
corner’s proper closing, as well as any rise 
in hydraulic cylinder pressure; pressure 


continued on page 89 
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THINNEST 


large bore Reali-Slim 
bearings only %” 
thick designed and 





Our specialty... solving the world’s 
toughest bearing problems 


When stock bearings “‘won’t do”... 
KAYDON special bearings “will” 
Standard bearings often aren’t ade- 
quate when you run up against a 
combination of limitations involving 
bearing capacity, size, weight, con- 
figuration, material and price. 

Solve these problems with Kaydon 
special bearings—specifically de- 
signed and precision-manufactured 
to do extraordinary jobs. 


AFOTE csaiterninn vos 


“MUSKEGON, MICHIGAN 


All types of ball and roller bearings — 4” inside diameter to 178” outside diameter . 
Roller Thrust * Roller Radial « Needle Roller * Ball Radial « Ball Thrust « Four-Point Contact Bearings 
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Kaydon special bearings offer you 
wide opportunities for compact de- 
sign that may reduce the size of the 
equipment you need — providing 
substantial savings. 

Kaydon builds your special bear- 
ings with close-tolerance precision, 
exceptional thrust or radial capacity 

. out of special metals or materials. 

Don’t penalize performance, or 
rule out new concepts in design, with 


. Taper Roller 


stock bearings that “won’t do.” Call 
on Kaydon’s long experience in de- 
sign of special bearings that will 
solve your toughest problem. 
eeeeeeeeeeeseeeeeeeeseeeeee 
Available! Reali-Slim type “CP” bear- * 
ings off-the-shelf in 90 sizes with Con- ° 
rad deep-groove, ball-radial construction e« 
..and new one-piece snapover tronze * 
> 
> 


separator in 4” to 12” bore — 4” to 
1” width and cross section. 


eeeeeveveveeeee 


eeeeeeeeeeeeeeeeeeeeeeee 


K-611 


SS 
World’s highest capacity, 


lowest cost needle bear- 
ings (22 sizes available). 
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ZE10A—with high welded joint strength—is ideal for making light, 
strong containers like the Tote Bin (right), built by Tote Systems, 
Inc., Beatrice, Neb., a subsidiary of Hoover Ball and Bearing Co. 


NEW DOW MAGNESIUM 
ALLOY ZEI0A... 


high welded joint strength 
and no stress relief! 











New Dow magnesium alloy ZE10A needs no post- 
welding stress relief. This strong sheet alloy is 
tailor-made for fabricating containers, truck bodies 
and other large structures. And it’s ideal for field 
repair operations where stress relief can be a 
real problem. 

ZE10A also offers the advantage of very high 
welded joint strength, a matter of importance in 
butt welding. The result is strong, stiff, welded 
containers which are extremely light in weight... 
with greater capacity, pound-for-pound, than con- 
tainers made from any other metal! And ZE10A 
provides maximum dent resistance. 

When welding ZE10A magnesium sheet to extru- 
sions, use Dow magnesium extrusion alloy ZK21A. 
Neither alloy requires stress relief after welding. 
For further information and data on Dow mag- 
nesium alloys, write THE DOW METAL PRODUCTS 
COMPANY, Midland, Michigan, Merchandising 
Department 1112DZ3-13. 


THE DOW METAL PRODUCTS COMPANY 


Division of The Dow Chemical Company 
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HOW MAGNESIUM 
NO-RIB DESIGN 
CUTS CONTAINER 
COSTS AND WEIGHT 
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Cargo containers can be made both 
strong and light .. . and at less cost 
. . . With magnesium no-rib design. 
Fabricated from stiff sheets of light- 
weight magnesium, container walls 
need no stiffening ribs or supports. 


No-rib design eliminates costly, | 
time-consuming installation of ribs | 


and fasteners . . . provides strong, 


| COMPONENTS + MATERIALS + PROCESSES 





| 
| 
| 


dent-resistant walls that are smooth | 


inside and out . . . produces econom- 


ical containers that, pound-for-pound, | 


have greater cubic capacity than 
ribbed containers of any other metal. 

Dow magnesium sheet alloy ZE10A 
is ideal for no-rib construction. It 
provides high welded-joint strength 
and needs no stress relief after welding. 
For equipment handling and cargo 
containers, storage bins, vehicle 
bodies, magnesium no-rib construction 
offers maximum strength at lightest 
weight . . . and savings in construction 
time and costs! 


<> 


THE DOW METAL PRODUCTS COMPANY 
Division of The Dow Chemical Company 


continued 


sensor fastened to die cylinder; and posi 
tion sensors mounted on mold itself. Can 
be installed in existing equipment and 
uses no limit switches. Automatically 
compensates for temperature, mechanical 
and speed changes. Priced from $703.75. 
Wintriss Controls, Div Industrionics 


Controls Inc, 20-24 Vandam St, New 


York 13. 


Web control. . . 
for fabric, paper or plastic film inspection, 
is a “go, no-go” gage that signals audibly 


Circle 314 on Reader Service Card 


or visually when width of a moving web | 


falls outside preset tolerances. Can be 
installed on existing equipment, such as 
inspection perches, calenders, tenters, 
dryers or extruders. Wands sense each 
edge of web with feathertouch contact, 
and operator is alerted or process stopped 
when width fails to meet specification: 
Priced under $400. Delivery in 4 to 6 
wk. Matrix Controls Co Inc, Somerville, 
NJ. 

Circle 315 on Reader Service Card 


Vinyl-grip aluminum handles 
are available with tool to install keeper 
without handle. This allows equipment to 
be painted and baked before handle is 
attached. Supplied in grey or black with 
vinyl dip finish. Keeper comes with 
mounting holes for rivets or blank for 
spotwelding. TA Mfg Corp, 4607 Alger 
St, Los Angeles 39. 

Circle 316 on Reader Service Card 


Photorelay system. . . 

controls a counting device, motor, light- 
ing, etc. by use of light beam interrup- 
tions. Consists of 24 x 34 x 44 photorelay 
receiver and separate matching light 
source. Switches a 3-amp, 120-v resistive 
load at least two times a sec, with units 
up to 20 ft apart. Both units are plugged 
into standard outlet, and device to be 


| switched is plugged into receiver's adapter 


Midland, Michigan | 
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plug. No current flows through device to 
be switched until light beam is broken and 
photocell is dark. Shifting a wire from one 
terminal to another allows operation when 
light is on the photocell. Receiver and 


continued on page 90 
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MEMBER 
SEE YOUR NEAREST BOND DISTRIBUTOR 


or check with Charles Bond Co. 
for: speed reducers—gears—flex 
ible couplings — sprockets and 
chains—universal joints—collars 
—pillow blocks. 


Write for Catalog No. 100 


CHARLES BOND 


Gap company 


617-23 Arch Street, Phila. 6, Pa. 
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@ GREATER STRENGTH 
@ UNIFORM TENSION 


@ MAXIMUM SHEAR 
STRENGTH 


@ PRECISION FIT 


@ LOWER INSTALLED 
COST 


Huck permanent fasteners are 
available in many types, shapes 
and sizes, from Ye” to %” diam- 
eter, to meet the requirements 
of all types of manufacturing, 
from railroad cars, trailers, 
buses, ships, blowers, appli- 
ances, to farm equipment and 
prefab buildings. These and 
many other users specify Huck 
fasteners for reasons of econ- 
omy, speed of application, 
strength and dependability. 
You too, may find the answer 
to faster, better, cost-cutting 
assembly by investigating 
Huck’s advantages. Write for 
literature, or ask for a Huck 
Sales Engineer who will be 
glad to explain the advantages 
of Huck Fasteners in your prod- 
uct. No obligation. 


cl— 
Commercial 
Huckbolt 


DR— 
Daisy 
Blind Rivet 


PT— 
Pull-Thru 
Blind Rivet 


0s— 
Oversize 
Structural 
Blind Rivet 


MLS — 
Mechanical 
Lock Spindle 
Blind Rivet 


BL— 
Blind 
Huckbolt 


COMPONENTS * MATERIALS * PROCESSES 
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light source are available either together or 

separately. Sigma Instruments Inc, 170 

Pearl St, South Braintree 85, Mass. 
Circle 317 on Reader Service Card 


Heavy-wall nylon tubing . . . 
for bushings, bearings, etc, is available in 
10 sizes, starting with 4-in. ID x 1-in. OD. 
Tolerances are: ID, +0.025, —0.00; OD, 
+0.010. Nylon used is Type 6 or 66. 
Danielson Mfg Co, Danielson, Conn. 
Circle 318 on Reader Service Card 


3- and 4-way air valves... 
have full ¢-in. ports and § NPT air 
connects. Three-way valve is designed for 
single-acting air cylinder and 4-way unit 
for double-acting cylinder. Each measures 
1é-in. high and has parts that can be 
replaced without removing valve from line. 
From stock. Bimba Mfg Co, 101 Main St, 
Monee, Ill. 

Circle 319 on Reader Service Card 





Drawhook latch. . . 

provides up to 4-in adjustment with ulti 
mate tensile strength of 1000 Ib. Said 
to provide top load-deflection character- 
istics without springs. Common pivot of 
both drawhook and handle prevents 
accidental opening due to vibration and 
shock or buckling and misalignment of 
container sections. When latch is fully 
open, drawhook stows flat within handle. 
Camloc Fastener Corp, 62 Spring Valley 
Rd, Paramus, NJ. 





2480 Bellevue Avenue * Detroit 7, Michigan * Phone WA 3-4500 Circle 320 on Reader Service Card 
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Manual-drain air filter . . . 
can be cleaned in the line without shut 
ting off air or removing bowl. Screwdriver 
slot on filter element is aligned with pipe 
ports. When cleaning is required, ele 
ment is turned 90°. This reverses airflow 
through element, and blows off accumu 
lated dirt and moisture. Contaminants 
drop to bottom of bowl to be manually 
drained. There is said to be no perceptible 
pressure drop through high-strength monel 
screens. Unit, weighing 2 lb, 2 oz, is 
available in }-, %-, and 4-in. full area pipe 
sizes. From stock at $12.75. OEM 
Equipment, 19560 Center Ridge Rd, 
Cleveland 16. 

Circle 321 on Reader Service Card 


High-flow relief valve .. . 
operating at pressures from 850 to 7200 
psi, provides dead-tight sealing to well 
above 95% of preset cracking pressure 
Increasing system pressure on poppet ups 
sealing efficiency. Said to have virtually 
no pressure rise with increasing flow, 
since system back pressure on poppet in 
creases its lift and provides max flow 
characteristics. Operates at temperatures 
from —40 to 200 F and can be used as 
priority or sequence valve since unit is 
externally referenced. Circle Seal Products 
Co Inc, 2181 E Foothill Blvd, Pasadena. 
Calif. 

Circle 322 on Reader Service Card 


Solenoid-held lighted switch 

is 4PDT unit that combines functions of 
nameplate and pushbutton switch in one 
assembly. Consists of four double-turret 
terminal basic switches, a solenoid unit 
and standard lighted pushbutton. Has 
front-panel relamping, 6 or 28 v lamps, 
and takes up only 1 sq in. of panel space 
Electrical rating is 5 amp at 125/250 \ 
ac, 4 amp at 30 v dc resistive, or 2.5 amp 


continued on page 93 
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14 WAYS TO 
CUT DOWN-TIME 


fabric reinforced 


VEE-DAM PACKINGS * 


14 standard styles... 
plus custom compounds 
when necessary 


e Suitable for use with a wide variety of 
liquids and gases on heavy-duty in- 
dustrial equipment 

e Positive control of annular leakage at 
the joint 

e Eliminate need for solid rings 

e Effective sealing over a wide temp- 
erature range 

e Pressure is never a problem with a 
Linear Vee-Dam 


* The Vee-Dam design is patented 
oe ae cee ee ee ee ee ee ee ee ee ee ee ee ee ee 
— 
on —— err" 


SEND FOR specie! bulletin with detailed 
ta on VEE-DAM PACKINGS. 


ical da 
pose State Road and Levick St., 


Linear, Inc., 
Philadelphia 35, Pa. 


MINTI Vand 


LINEAR, Inc, STATE ROAD & LEVICK ST. PHILA 35, PA 
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683 Water St. 
In Canada: Acme Electric Corp. Ltd., 50 Northline Rd., Toronto, Ont. 


92 


NEED 


ENCAPSULATED 
TRANSFORMER 
COMPONENTS 7 


Do you need transformer components that must 
withstand high temperatures, low temperatures, 
excessive humidity or other environmental con- 
ditions and still perform in field service as well 
as under optimum laboratory conditions? 


Then send your specs to Acme Electric and get 
the kind of cooperation you've always wished for 
— a complete study and analysis of your design, 
recommendations based upon the latest state of 
the art and suggestions for improvements and/or 
economies that will be of value to you. 


T-40902 
Primary (1-2) 115 volis, 60 cycles 
Secondary No. 1 (3-4-5) 
71.5-0-71.5V RMS @ 77ma DC 
F.W.C.T. Capacitor Input 


MIL-T-27A 
Grade 5 
Class T 
Life Expectancy X 





T-34671 
VA: 705, weight: 41%, Ibs. 
165°C rise, 125°C ambier’ 
12 KV test at 30,000 feet 





T-36126 
VA: 47.8, weight: 14 ounces 
50°C rise, 250°C ambient 
12 KV test at 30,000 feet 





ACME ELECTRIC CORPORATION 


SAa 3420/1874 


Aemoail=Floctric 
SPO aAamean s 


ee 
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Cuba, N. Y. 





MAYLINE 





MAYLINE 





> Economical 


Drafting 
Tables 
Of Wood! 


V-MODEL PEDESTAL TABLE 


For efficient, sturdy, economical, long lasting wood 
drafting tables investigate Mayline products. Tables 
are both attractive and practical. They are sturdily 
built of Oak, with solid Basswood steel end cleat 
tops, which can be tilted thru an angle of 50 degrees. 


Prices for the V-Model pedestal tables start at 
$65.55, and $98.25 for the 4-Post tables. Your local 
dealer can tell you more about these fine drafting 
tables. 


INITAVW 


MAYLINE COMPANY, 
INC. 


607 NO. COMMERCE ST. 
SHEBOYGAN, WISCONSIN 


WOOD 4-POST TABLE 








MAYLINE 
CIRCLE 205 ON READER SERVICE CARD 


NEW! 3-WAY ~ 
PROTECTION 
for pressure 
instruments 


NETL 
personnel 


CHEMIQUIP’S COMPLETE 
SEALED SYSTEM PRESSURE SNUBBER 











© Instrument and snubber will not corrode, plug or 
clog. 

¢ Reduces fire hazard, noxious and toxic effects if 
instrument system ruptures 

Used with corrosive and/or viscous materials, 

quip’s new combination also assures 

¢ Easy charging * Simple Solid filling, no spilling ¢ 

Minimum calibration or adjustment 

And Chemiquip’s snubber smooths line surges 

tions—gives accurate readings in 2-3 seconds 

2 and 3 piece assemblies for systems to 2000 PSI 


8 
aft = 


—_: 


pulsa- c 


Chemi- 


A—Snubber 
B—Porous S/S Disc 
C—Diaphragm 








36 East 10th Street, New York 3 
GRamercy 7-3772 


Write, wire, phone 
NOW for new techni- 
cal bulletin B55. 
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at 30 v dc inductive. Solenoid current is 
rated at 0.038 amp at 18 v dc or 0.060 
amp at 30 v dc. Control Switch Div, 
Controls Company of America, 1420 
Delmar Dr, Folcroft, Penna. 

Circle 323 on Reader Service Card 


Miniature push-pull switch . . . 
said to last for over 100,000 cycles, has 
“positive-feel” detent action with audible 
click. Can be maintained in either posi 
tion until sufficient actuating force is 
applied in opposite direction. Measuring 
1.492 in. long for 4-in mounting hole, 
switch is SPDT, normally open with butt 
contact. Rated at 1 amp, 115 v ac resistive 
with contact resistance of 0.010 ohm 
Voltage breakdown rating—terminal to 
terminal and terminal to housing—is 1500 
v ac. Priced at $1.15 each. Grayhiil Inc, 
561 Hillgrove Ave, LaGrange, Il. 

Circle 324 on Reader Service Card 


Low-profile wheels . . . 
for manually operated industrial trucks, 
are said to have reduced flexing and de 
flection which cause ordinary tires to 
wear out prematurely when subjected to 
high load and torque. Rubber-tired, roller 
bearing wheels are available in sizes and 
compounds to meet most operating condi 
tions. Divine Brothers Co, 200 Seward 
Ave, Utica 1, NY. 

Circle 325 on Reader Service Card 


Crimp-type contact connectors 
contain 34 to 104 closed-entry, beryllium 
copper contacts in miniature rectangular, 
regular rack and panel, external, environ 
mental and special designs. Contact sizes 
are #16 and #20, with crimp barrel to 
suit #16, 18, 20, 22 and 24 wire. In 


continued on page 94 
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= CHERRY 
= COMMERCIAL 
RIVET 


© Excellent Head Seating 
© Wide Grip Range 

© Full Range of Diameters 
© Positive Hole Fill 

© Easy Installation 


© Large Manufactured Head 
© Oversize Blind Head 


© Plugged or Hollow 
© No Stem Trimming 
© Minimum Blind-Side Clearance 


For fast, secure, more economical fastening, the new Cherry Com- 
mercial Rivet is a blind fastener ideal for production manufacturing 
and repair. Installed by one man from one side of the work, the 
Cherry Commercial Rivet reduces cost of assembly, repair and 
maintenance in both blind and open applications. 

Minimum blind side clearance, adaptability to variations in 
material thickness, and positive hole fill even in oversize or out-of- 
round holes offer advantages not available in other production 
fasteners. 

Cherry Commercial Rivets are available in both hollow (non- 
structural) and plugged (structural) types. The plugged rivets have 
strength values comparable to solid rivets, and stems fracture to 
eliminate all trimming operations and provide further produc- 
tion economy. 

Grip lengths from '4”’ to 1” inclusive, and diameters of %"’, 5”’, 
%"’ and ” are provided in either universal or countersunk head. 
Special rivets are manufactured to order. 

For full technical information on the new Cherry Commercial 
Rivet, write Cherry Rivet Division, Townsend Company, Box 
2157-D, Santa Ana, California. 


Aluminum Mild Steel Monel 


CHERRY RIVET DIVISION 
 URISANTAI ANA, cALIFORUA 


"Townsend Company 
 URINRRTABUSHED 1816" > BEAVER Fats, PAC 


In Canada: Parmenter & Bulloch Manufacturing Company, Limited, Gananoque, Ontario 
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IMPORTANT NEWS 
FOR HYDRAULIC PUMP USERS 


AMERICAN ENGINEERING’S 
HELE-SHAW and HYDRAMITE 
pumps are now being precision 
engineered and fabricated at 
the Aircraft Armaments, Inc. 
plant at Cockeysville, Md. 

Be assured that the same crafts- 
manship and high standards of 
quality which make HELE-SHAW 
and HYDRAMITE pumps leaders 
in their field will be maintained 
in the IMMEDIATE CONTINUED 
PRODUCTION of these pumps 
by Aircraft Armaments, Inc. 


Please address inquiries to: 


AE INDUSTRIAL DIVISION 
AIRCRAFT ARMAMENTS, INC. 


Post Office Box 6853, Baltimore 4, Maryland 
CLEVELAND DISTRICT: A. E. Company, 1157 Leader Bidg., Cleveland 14, Ohio 
NEW YORK DISTRICT: AE Industrial Division, 1 Exchange Place, Jersey City 2, N. J. 
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“If you can’t 

Stand the heat 
—Stay out 

of the kitchen’ 


Ordinary Decals, when used as trade- 
MEYERCORD marks or operating instructions on 


products exposed to heat range of 
HEAT RESISTANT LINE 150°F to 220°F will discolor, dete- 


OF DECAL TRANSFERS riorate and disappear. 
Meyercord’s exclusive H-R line of 
H-R S-H-R transfers—Heat-Resistant—will with- 
stand umes temperatures up to 
1,000°F. Four different types of H-R 
transfers are available for the job. 
H-R-T H-H-R Write for Technical Bulletin No. 
Heat Resistant High Heat 600. For Heat-Resistant markings 
Tubes Resistant specify Meyercord’s H-R line. 


Write today ... on company !etterhead, please 


the MEYE RCORD CO, Dept. C-318, 5323 W. Lake St., Chicago 44, III. | 


Heat Sustained Heat 
Resistant Resistant 
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locked-in position, each contact resists 
50 Ib min push-out force even after 
several hundred cycles. AirBorn Con- 
nectors Inc, PO Box 13251, Dallas 20, 
Tex. 

Circle 326 on Reader Service Card 


Twin footswitch . . . 
allows positive control of “up-down”, 
“slow-fast”, and other reversible opera- 
tions with less foot pressure. Each of two 
footswitches, mounted on common steel 
base plate, provides momentary contact 
(press to start—release to stop) for SPDT 
circuits rated to 20 amp, 125/250 v ac 
and 1 hp, 115/230 v ac. Needs only one 
external power cable. Over-all size is 
8% x 44 x 14 in. and weight without 
cordset, 4 lb, 13 oz. Linemaster Switch 
Corp, 432 Woodstock Terrace, Wood- 
stock, Conn. 

Circle 327 on Reader Service Card 


Adjustable-speed drive .. . 


with speed range from 2:1 to 100:1, oper- 
ates from single-phase ac supply and has 
pair of grid-controlled thyratrons and 
diode tubes that provide full-wave rectified 
voltage to motor armature. Uses an IR 
drop compensating network for precise 
speed regulation regardless of load. Com- 
plete unit, comprising controller, push- 
button station and drive motor, is available 
in ratings from 7 through 4 hp. Square 
D Co, Dept SA, 4041 N Richards St, 
Milwaukee 12. 

Circle 328 on Reader Service Card 


pe Serene 
Hydrostatic transmission . . . 
for mobile equipment, has cam-controlled 
variable-displacement pump driving either 
a fixed-displacement or variable-displace- 
ment hydraulic motor. With available 
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controls, speed of driven vehicle can be 
held constant under varying load or torque 
can be held constant at varying speed up 


to transmission’s power limit. Specifica- 
tions include: displacement, 4.5 cu in. max 
per rev for pump and motor; 28.5 gpm 
flow at 1500 rpm; 60-hp rating at 2000 
rpm; 4500 psi max pressure at 0 to 4 
cam angle, 2500 psi at 14° (3000 rpm); 
starting torque, 50 ft-lb per 1000 psi; and 
running torque, 56 ft-lb per 1000 psi 
New York Air Brake Co, Starbuck Ave, 
Watertown, NY. 

Circle 329 on Reader Service Card 


QUICK 
CONNECTION 


with instant 
automatic flow 


QUICK 
DISCONNECTION 


with instant 

Electric-start, aircooled automatic shut-off 
engines... 

rated 9.5 hp, includes 12-v combination 
starter-generator, battery-charging current 
regulator and control panel with ignition 
switch and starter button. Available with 
either magneto or coil ignition, engine is 
single-cylinder, four-cycle unit with cast _ 
iron construction and large bore, short : As easy as plugging in 
stroke design. Kohler Co, Kohler, Wis. —— your electric shaver... 

Circle 330 on Reader Service Card co 


...prevents loss of liquid, 
gas, or pressure 


Spherical corner. . . To connect a Hansen Two-Way Shut-Off 


for weldments designed to eliminate square : Coupling, you merely pull back the sleeve 
nant sidan yore Write for the : : 

inside corners in rectangular containers, and push the Plug into the Socket. To 
furnishes smooth tranistion from square Hansen Catalog disconnect, just pull back the sleeve. No 


to round and back to square again in any : . : , . 
S Here is an always ready refer- tools required. When Coupling is dis- 


direction inside container. Prevents ac- ence when you want informa- aay ‘ 
cumulation of sediment and subsequent tion on couplings in a hurry. connected, similar valves in Socket and 


corrosion at hard-to-reach points. Alsoacts Lists complete range of sizes Plug shut off both ends of fluid line 
as brace to protect container against dam- and types of Hansen One- circuit—practically eliminating spilling 


one - A . .. » anelide Way Shut-Off, Two-Way Shut- . . . . 
age of outer corners. Can be welded into OM, cod Siedlght-Throush of fluid at instant of disconnection. 


existing tanks, and is available in three ecole nthe Miedilied: Maaial 
in. size, furnished in two thicknesses of soins Seteitieees er oa Available in brass or steel, with female pipe 
mild steel and grade 302 stainless stecl. | Steam, Oxygen, Acetylene, ete. thread connections from Ys" to 1/2” inclusive. 
Priced from 66¢ to $1.95. Conner Steel 
Products, PO Box 25, Southfield, Mich. _ : tel ae 

Circle 331 on Reader Service Card Representatives in Principal Cities 


...see Yellow Pages 


Lettering is transferred . . . 


ny Hee ene oaks any perfice SINCE 1915 QUICK-CONNECTIVE FLUID LINE COUPLINGS 
with just light pressure. No backing or 


caring. sheet is transered—jost Iter | TTT i MANUFACTURING COMPANY 


itself. Font of letters in opaque black or 


white is processed on 10 x 15-in. plastic 4031 WEST 150th STREET © CLEVELANE ay 


continued on page 97 
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FOR A:QUOTATION ON AN 


Environmental Chamber 


TO MEET: YOUR EXACT NEEDS, 
fill out and-mail this data sheet 


TO: WEBBER MANUFACTURING CO., INC. 

P. O. Box 217 

Indianapolis 6, Indiana 
Please submit a quotation, without obligation to me, for an envi- 
ronmental chamber with the following specifications: 


DESIGN: Top opening (or) Front opening 
INSIDE DIMENSIONS: left to right 
front to back___ 


TEMPERATURE RANGE DESIRED: 


top to bottom 


ee 
PULL DOWN TIME DESIRED 
°F to — °F in 


CHAMBER WITH HEATING CYCLE: Yes_ No 


from +_ minutes 








Heat Up Time from ambient (+ 80°F) to +___°F in___minutes 
FORCED AIR CIRCULATION INSIDE OF CHAMBER: Yes__No___ 
INSTRUMENTATION: Indicating___ 


Recording_____ Programming 





POWER REQUIREMENTS: 


Ss €6=3—Sl(<(S phase cycle 





INTERIOR LIGHT: Yes_._.No._..._ CASTERS: Yes___No___ 


VIEWING WINDOW: Yes__.__No__.__ Size 





TERMINAL PANEL: Yes__._._No____ 
Number of Terminals. Size 





> = 
a 
CHAMBER WITH HUMIDITY CYCLE: Yes____No 


PORTHOLES: Yes___ 





Quantity 
CHAMBER WITH ALTITUDE CYCLE: Yes _ 

= —— 
COMMENTS: __ 








Cut out 


SEND YOUR QUOTATION TO: and Mail 


CORIIE ce 





GAY CRR0G8 ne 





COMPANY NAME___ 





STREET ADDRESS 





sn ——ZONE___STATE 





Have Your Representative Cali Yes_____No. 


FREE BROCHURE! 


This new 36-page brochure is the most 
helpful ever published for users of envi- 
ronmental chambers and low temper- 
ature freezers. It shows many of the 
types made by Webber—in any size, and 
with any temperature range. 


WEBBER MANUFACTURING CO., INC. 


e 
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Ceda/ te, 


iT HAS 
THOUSANDS 
OF USEFUL, 
COST-SAVING 
APPLICATIONS! 
Bead Chain is available in 5 diameters 
from 3/32” to ¥” with tensile strengths 
ranging from 18 to 200 Ibs., in a 
variety of metals and finishes. 
No matter what the requirement, 
our engineers will be glad 
to assist you in solving 
your chain applications. 


THE BEAD CHAIN manuractunine co. 


92 Mountain Grove St., Bridgeport, Conn. 


CIRCLE 208 ON READER SERVICE CARD 


When it’s a 


Question of 
“Q” RINGS in any material or 


special compound for every 
service condition required. 


PACKINGS to your specifications 


in leather, synthetics, 


Also gaskets and asbestos, teflon, etc. 


washers in over 
200 materials... 


2 Look for 
the Answer at Auburn. 


Send us your specifications or blueprints. You'll receive 
prompt quotations and recommendations without obligation 


THE AUBURN MANUFACTURING CO. <> 
306 Stack $t., Middletown, Conn. S 


New York, N. Y.; Rochester, N. Y.; Detroit, Mich.; Chicago, tll.; 
Minneapolis, Minn.; Pittsburgh, Pa.; Cincinnati, Ohio; Ridgewood, N. J.; 
Atlanta, Ga.; Memphis, Tenn.; St. Louis, Mo.; Washington, D. C. 





CIRCLE 209 ON READER SERVICE CARD 





COMPONENTS * MATERIALS * PROCESSES 
continued 


sheet, priced at $1.50 for most size letters. 
Arthur Brown & Bros Inc, 2 W 46th St, 
New York 36. A SL AE ey 

Circle 332 on Reader Service Card 








Multipurpose electrometers 
are useful as de pre-amplifiers and have ‘ PLUS 
outputs for driving oscilloscopes and 

recorders. Line-operated model has 37 


ranges from 0.1 to 100 v; battery-operated PRO ‘ | =I es q fe}, 


model, 31 ranges from 0.1 to 10 v, both 
7 of 


accurate within 2% of full scale. Input 
impedance is over 10“ ohm with main AGAINS ’ 


selector dial on Volts. Former offers full 


scale current ranges of 10" to 10* amp, | 
while latter covers from 10% to 10° amp Toh’ A= i mey-\ a) 


Both measures signals below one micro 





microamp. Internal resistance measuring 
ranges are 10° to 10% ohm for the line 
operated model; 10° to 10% ohm for 
battery-operated instrument. Former is 
priced at $390; latter, $280. Keithley 


: 
Instruments Inc, 12415 Euclid Ave, axitor 
Cleveland 6. 


Circle 333 on Reader Service Card 
overload release clutches 


Designers and builders have found MAXITORQ Overload Release Clutches the ideal way to provide 
dependable protection against overload conditions. 


Unlike such devices as shear pins, the MAXITORQ Overload Release Clutch requires no dis- 
assembly or replacement after functioning. Once the cause of overload is removed or corrected, 
the machine may be re-started at once. Furthermore, MAXITORQ Overload Release Clutches 
may be adjusted for pre-determined overload protection. 


In addition, users enjoy the proved advantages of the MAXITORQ Floating Disc Clutch ... smooth, 
positive engagement and release . . . “floating” neutral with no drag or heating ... easy manual 
adjustment. 


We will be glad to give you the benefit of our long and successful 
experience in clutch and brake design; the overload release clutches 
Double-end clips eee are only one of many advanced MAXITORQ developments in both 
for keeping notes, sketches, drawings to manual and electrically operated applications. Ask for literature, 
gether have spring action which allows or outline your problem ...° write Dept. PE. 
them to open at either end with squeeze 
of fingers. Each measures 2 in. long and THE CARLYLE JOHNSON MACHINE CO. 
is made of plastic. From stock at $8.95 
per 100. Edmund Scientific Co, Barring- MANCHESTER 0 CONNECTICUT 
ton, NJ. 
Circle 334 on Reader Service Card 
20360 
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CLAREED 


Sealed Contact 
Relays.. 

for contamination-tree 
operation... positive 
on-off switching 





CLAREED solves the vexing problem of 
contact contamination. Its sealed, gold- 
plated contacts operate indefinitely in an 
in-built ideal environment, give positive 
on-off switching for up to millions of 
cycles. It is a relay you can install and 
forget. 

This maintenance-free operation 
makes CLAREED sealed contact relays 
ideal components for such critical appli- 
cations as transistor drives, computers, 
data processing equipment and many 
other high-speed devices. 

CLAREED design is simplicity itself—a 
pair of magnetically operated contacts, hermetically 
sealed in an atmosphere of inert gas within a glass 
capsule. Compact size permits alm »st unheard-of 
flexibility of assembly and application. 


Typical space-saving 
Clareed Relay Assemblies 





CLAREED relay consists | CLAREED relay module for 
of 12 switch capsules en- | printed circuits. oe 
closed in a rectangular t High comp 
container and mounted | density. “Sturdy steel case 
on printed circuit board. provides magnetic shield. 


Cylindrical can, containing 
CLAREED switch capsules 
which form core of common 
coil. Numerous variations 
to meet design needs. 











If you use relays, it will pay you to know all about 
CLAREED relays...a new concept in relay design. To 
obtain Bulletin CPC-10, address: C. P. Clare & Co., 
3101 Pratt Bivd., Chicago 45, Illinois. In Canada: 
C. P. Clare Canada Limited, 840 Caledonia Road, 
Toronto 19, Ontario. Cable Address: CLARELAY. 


See Clareed Relays 

in working logic modules... 
No tubes, no transistors. 

IRE SHOW 

BOOTHS 2218 & 2220 


Cc. P. CLARE & CO. 


Relays and Related 
Contro/ Components 


98 CIRCLE 98 ON READER SERVICE CARD 











HELLE 


AG CONTROLLER and 
Matching DG MOTOR 


2T60 ELECTRONIC CONTROLLER 
with matching 1/50 H.P. DC MOTOR 


é ji 
Complete, F.0.8., : 
Las Vegas, 
Nevada 
a 
@ Thyraton tube operated controller 4 
gives stepless operation @ Input: j 


SPECIFICATIONS 


110-120 V., 60 cy. 
Output: 0- 120 . = 


ratios: 6, 18, 30, 
540, and 1120:1 in stock. 


GERALD K. HELLER CO. 


2673 South Western Street, Las Vegas, Nevada, P.O. Box 4426 


single phase ® 
200 ma. 
armature @ 1/50 H.P. ball bearing, 
right angle, gear head, shunt wound, 
DC motor @ Reversible @ Armature 
shaft is extended @ Armature speed 
0 to 4000 R.P.M. @ Motors in gear 
36, 60, 100, 300, 


ELECTRONIC 
VARIABLE-SPEED 


DC to 
Other models to 


3/4 H.P. motors 
available. 
Request data. 
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Now 

one wheel 
for any 
section of 
your plant 


Now you standardize on one wheel for 
all your materials handling equipment. 
Fairbanks “‘Lamilon’’ Wheels protect 
your floors, for they stay smooth and 
concentric, don’t mar or mark. Not af- 
fected by oils and greases, “Lamilon"’ 
Wheels have very high resistance to 
most chemicals, and have a water ab- 
sorption factor almost as low as high 


anion 


U 


ASTIC | 


ALL-PL 


quality rubber. With their alloy steel 
roller bearings, hardened steel outer 
race and provision for pressure |ubri- 
cation, “Lamilon’’ Wheels roll easier, 
last longer and give more dependable 
service than any other plastic wheel. 

Available in sizes 3 through 12 
inches. Can be furnished with thread- 
tight thread guards. 


™ FAIRBANKS -oueo 


Valves * Dart Unions + Casters + Trucks + Wheels 
Executive Office—393 Lafayette St., N. Y. 3, N. Y.* Branches—520 Atlantic Ave., 
Boston 10, Mass. * 393 Lafayette St., N. Y. 3, N. Y.* 15 Stanwix St., Pittsburgh 22 
Pa. * 202 Division St., Rome, Ga. * Factories—Rome, Georgia and Binghamton, N. ¥- 
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REPRINTS | 


Reprints currently available without charge 
are listed on the Reader Service Card 
bound in this issue. Single copy free; 
quantity prices on request. 

The following special reports are avail 
able as long as the supply lasts, from 
Reader Service Dept., Product Engineer 
ing, 330 W 42nd St, New York 36 
Please enclose remittance; we pay postage 


Rolling-element Bearings $2 
Ball, roller and thrust bearings—their selec 
tion, test and analysis of their failures, 
64 p. 


Design with Steel $2 
Latest design data for a wide range of 
steels and alloys for high strength and high 
temperature, 64 p. 


The New Mathematics $2 
Combined reprint of 18 articles with 
coverage in depth on the latest math tools 
of systems engineering, 64 p. 


Reinforced Plastic Parts $2 
Combined reprints of 11 ‘articles giving 
design data on the seven processes for 
commercial parts, 64 p. 


Engineering Models $2 
Working prototypes as well as 3-D 
“sketches”; here’s how to design and make 
them, 64 p. 


Shortcuts for Longhand Computation $2 
How to get the most from your sliderule 
How to design nomographs. What’s avail 
able in tabled data, 64 p. 


Patent Problems $1.50 
Review of Patent Office procedure and 
discussion of American and foreign laws 
and how they affect inventors, 48 p. 


Human Engineering $1.50 
Series of 14 articles with design data on 
man-machine problems and human dimen 
sions, plus bibliography, 44 p 

Creativity $] 
Combined reprint of 10 articles on the 
facts behind the fad, 32 p 


Reading, Writing, Reporting $1 
Combined reprint of: 5 steps to faster 
reading: 8 steps to better writing: 7 steps 
to better reporting. 24 p. 

Why Don’t they R & D? $1 
Here are 200 ideas for new inventions not 
now on the market, 64 p. 


Manual of Reliability 50¢ 
How to design for reliability, human fac- 
tors, statistical tools; implementing the 
program, 32 p. 

9 Lectures on Mechanisms $1 
How linkages and springs may be designed 
to balance loads, transmit forces, feed 


“Thousands of ‘O’ rings 


used without known 


failure in the field’’ 


(Another manufacturer knows there’s no sub- 
stitute for reliability.) 

“OQ” Ring Compound No. 1218 was devel- 
oped by Precision for a leading manufacturer* 
of automatic water softeners. 

The success of the “O” ring in service was 
predetermined by exhaustive Precision devel- 
opment research which included testing 
against water samples obtained from all parts 
of the country. “O” Rings from Compound 
1218 are now giving reliable service as seals in 
Diesel and Aeromatic fuels, high performance 
gas and permanent anti-freeze. 

You can be sure of having the right “O” 
ring, made from the right compound for your 
product when you come to Precision. Why not 
ask for the services of a Precision Engi- 
neer today? 


Specify Precision—First in quality 


Precision “0” Rings 


*Made for The Lindsay Company, St 
Paul, Minnesota, the largest manufac- 
turer of home automatic water softeners. 


: recision Rubber Products 
Corporation *"O” Ring and Dyna-seal-Specialist 


parts, 24 p. Dept. 3, Oakridge Drive, Dayton 17, Ohio Canadian plant at: Ste. Thérése de Blainville, Québec 
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Tempered steel spring 
absorbs vibration, 
holds assembly firmly 
in alignment. 


solenoi 


@ Highly resistant to moisture. unetne 

@ Shock mounted for longer service life. 

@ Develop 2 to 30 pounds push or pull. 

@ Available in AC or DC models. 

@ Compactly designed from the best, top 
quality materials. 


Highly efficient 
silicon steel 
laminations. 


@ Giants or tiny miniatures, multi-million 
cycle performance. 


A model for your every need. Special solenoids 
may be engineered to suit special applications. 


Hardened beryllium 
copper plunger guide 
reduces friction 

and wear. 


High flow-point 
molded nylon 
bobbin, wound with 
heavy Nyclad insu- 
lated magnet wire. 


SOV. WOLDS 


TO LAND 
ON THE 
pete]. 


The first U.S. space vehicle capable of making a ‘‘soft landing”’ 
on the moon, will start its journey in a 20-foot plastic shell — 
light, strong, and fabricated from Narmco’s temperature- 
resistant CONOLON 506. The nose cone of the giant CENTAUR 
is an outstanding example of the adaptability of CONOLON 
506 to applications which involve complicated assemblies 
such as the fabrication of the nose cone. 

Narmco reinforced plastic laminating materials are produced 
in the form of rolls of fabric (such as asbestos, glass, nylon) 
impregnated with synthetic resins. Any number of layers can 
be used to build up structures of the desired strength and 
thickness. Epoxy, phenolic, polyester, and silicone laminate 
materials are available from Narmco as standard factory 


Write for free literature 


NARMCO -— for high-performance materials. Formutators of: 
Structural and Industrial Adhesives - Reinforced Plastic Laminating 
Materials - Abiative and Molding Compounds - Insulating Compounds. 
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Shock absorbing bumpers cushion the stroke, 
assure longer service. 


OM PANY 


" --< a) \e “> a 
4 7. : Poa, Bs 4 
bah. ; ? > k.2 , a 
‘ + ~ 4, ‘ > > i) ¢ 
items. CONOLON 506 is woven glass fabric impregnated with 
modified phenolic resins, and is qualified to MIL-R-9299 Type 
| (general purpose) and Type II (heat-resistant), Class | (10 
to 50 psi cure pressure). 
In addition to the sophisticated fabrication of nose cones and 
missile parts, CONOLON 506 is also ideal for ducting, skin 
surfaces, fairings, molded accessories, metal close-outs, and 
many other applications. Under proper conditions, CONOLON 
5 


506 has a shelf life of six months, or more. 
This laminating material is also available 
in a variety of lengths and widths. 
Goodyear-built RCA Radome, made of paper honey- - ) 
comb core, and faced with CONOLON 525 skins. * a 


enciceuntagtod MATERIALS DIVISION 
sussipiany or TELECOMPUTING CORPORATION 
~ 600 VICTORIA STREET, COSTA MESA, CALIF - LIBERTY 8-1144 - MADISON 6-7923 


AN uB YSTEMS FOR CONTROLS, 
AN THEIR INTEGRA OMPONENTS 
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Science Since Babylon 


DEREK DE SOLLA PRICE. Yale 
Press, New Haven, Conn. 7 x 4/2. 


University 
$4.50. 

As Professor of Yale University’s 
History of Science Dept, Dr Price 
has written an elegant plea for a 
deeper understanding of the science 
historian as a possible bridge between 
the “two cultures” described by C. P. 
Snow (PE—Oct 10 ’60, p 88). The 
history of science according to Dr 
Price is “the mid-region between the 
humanities and the sciences.” He 
proposes a new undergraduate major 
composed of one part science, onc 
part humanities, and one part history 
and philosophy of science. Science 
is part of the central core of our 
world, the author says. “Humanists 
of science at their research fronts 
might be able to diagnose the process, 
piece together parts of the mechanism 
of science, but only a public exposed 
in the colleges and schools to their 
findings about science can appreciate 
the depth and import of this cumula 
tive activity that sets our culture 
apart from all that has come before.” 

The book is a compilation of five 
lectures delivered at Yale in the fall 
of 1959, and is certainly not intended 
to be a history of science. Rather 
it records a series of crises that Dr 
Price feels has affected the course of 
science, the birth of a “scientific 
civilization, the departure of science 
from the realm of pure thought, its 
transformation into scientific tech 
nology, and the transition of 19th- 
century classical theories to the 
explosive multiplication of our 20th- 
century discoveries. (See article 
extracted from this book in the Mar 6 
issue, p 56.) —BAL 


Polypropylene 


O J KRESSER, Spencer Chemical Co, Orange, 
Tex. Reinhold Publishing Corp, 430 Park Ave, 
New York 22. 51% x 734, 268 pp. $6.50. 


This book brings together all phases 
of polypropylene properties, produc- 
tion and applications. It offers infor- 
mation on this increasingly important 
thermoplastic at a level where it can 
be readily understood by readers with- 
out special training in polymer chemis- 
try. Particular emphasis is placed on 
the relationship between the develop- 
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ment of polypropylene and the future 
of high polymers in general. The 
book contains sufficient information 
on the basic principles of sterochem- 
istry to point up the unique qualities of 
polypropylene. 


Design of Worm and 
Spiral Gears 


EARLE BUCKINGHAM and HENRY H RYFFEL. 
Industrial Press, 93 Worth St, New York 13. 
6 x 9, 464 pp. $15. 


The aim of the authors here has 
been to show how to obtain the bene- 
fits of improved design in spiral gears 
(crossed-axis helical gears) and worm 
drives through the use of all-recess- 
action design principles. 

The book does two jobs: (1) It pro- 
vides a step-by-step guide to the design 
of worm and spiral gear drives with 
all-recess action and (2) it presents 
certain basic principles with practices 
that enter into the successful design 
and manufacture of gears and gear 
drives of all types. 


Cermets 


A R TINKLEPAUGH and W B CRANDALL. Rein- 
hold Publishing Corp, 430 Park Ave, NY. 91% 
x 614, 239 pp. $10. 


his book is a thorough coverage 
of a narrow subject. It is the most 
complete assembly of information on 
cermets and includes the entire field, 
from fundamentals through process- 


continued on page 102 
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introducing 


NYLATCH 


Nylatch, a new push-pull fastener, 
is now offered off the shelf to indus- 
try needing the ultimate in 
dependable low cost fastening. 


Nylatch will replace most existing 
fasteners for metal, wood and syn- 
thetics yet gives these outstanding 
features — 


® Less than 10 seconds installation 
—merely insert grommet into 
material to be fastened and insert 
plunger in grommet. 


® Standard punched or drilled holes 
accommodate Nylatch. 


® Nylatch allows up to .040 mis- 
alignment tolerance. 


® Rugged two-piece construction 
gives 30,000 complete cycles of 
operation. Thoroughly tested for 
temperature, creep characteris- 
tics, fatigue and load. 


® Versatility of design allows you a 
selection of plunger head designs. 
Available in wide range of 
decorator colors. 


“eg 


Press grommet 
into removable sheet 





Press plunger into 
installed grommet 


Your inquiry will bring complete information. 





THE HARTWELL CORPORATION 
9035 VENICE BOULEVARD, LOS ANGELES 34, CALIF 
Offices 


Chicago - Ft. Worth - Hackensack « Seattle - Wichita 
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STRENGTH LEXAN resin has an impact 
strength of more than 12 foot-pounds 
per inch of notch — higher than any 
other plastic! This toughness, plus heat 
resistance and good electrical proper- 
ties, make LEXAN resin an outstanding 
choice for 3-pole connectors used in 
rugged service on electric trucks. 


HEAT STABILITY Lampholder terminal 


block is used inside electronic equip- 
ment where heat is difficult to dissipate. 
LEXAN polycarbonate resin replaced an- 
other thermoplastic which melted under 
severe thermal conditions. LEXAN has 
a heat distortion point as high as 290°F. 
Also keeps high strength in sub-zerocold. 





ELECTRICAL PROPERTIES A_ good 
dielectric, LEXAN resin is non-corrosive 
even when used with very fine Class F 
magnet wire. Coil forms must not distort 
at temperatures above 200°F under 
stresses caused by tightly wound wire. 
LEXAN resin provides high heat distor- 
tion temperatures under load. 





DESIGN LITERATURE 


. continued 


ing and practical applications. These 
materials—-ceramic oxides or carbides 
modified with metal—extend the upper 
temperature limits of design because 
they have high creep and rupture 
strengths to 2500 F and beyond. The 
major drawback, low impact resist- 


Even with clad- 
ding and special fastener designs to 
eliminate notches, the best cermets 
have only : to vs the impact strength 
of the poorest metal. If this major 
obstacle can be overcome, the cermets 
will find much wider applications. 


ance, still remains. 


Formulas for Stress and Strain 


RAYMOND J ROARK. McGraw-Hill Publishing 
Co, 330 W 42nd St, New York 36. 91% x 6 
in. 381 pp. $8.25. 


Some of the additional information 
in this third edition includes more 
data and formulas on shear lag, circu- 
lar arches, flat plates, pressure vessels, 
stress concentration factors. 

I'he book is intended primarily as 
a reference book and makes available 
a compact summary of formulas, facts 
and principles pertaining to strength 
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of materials. It is divided into three 
parts: In Part I are defined all terms 
whose exact meaning might otherwise 
not be clear. In Part II certain useful 
general principles are stated; analytical 
and experimental methods of stress 
analysis are briefly described, and in- 
formation concerning the behavior of 
material under stress is given. In Part 
III the behavior of structural elements 
under various conditions of loading is 
discussed, and extensive tables of 
formulas for the calculation of stress, 
strain, and strength are given. 
Derivations of formulas and detailed 
explanations, such as are appropriate 
in a text book, are omitted, but a suf- 
ficient number of examples are in- 
cluded to illustrate the application of 
the various formulas and methods. 


Other Books of Interest 


Materials Testing Bibliography 
(1950-1960) 

Office of Technical Services, US Dept of Com- 
merce, Washington 25, DC. 8 x 102, 16 pp. 
10¢. 


Glossary of Terms for Fluid Power 
National Fluid Power Assn, 5595 N Hollywood 
Ave, Milwaukee 17. 82 x 11, 31 pp. $1. 


For the Years to Come 
J F Thompson, N Beasley. G P Putnam’s Sons, 
210 Madison Ave, NYC. 534 x 812, 374 pp. 
$5. 

The development of the nickel-mining and 
refining industry in Canada. 


Columbium and Tantalum 
Bibliography 
Office of Technical Services, US Dept of Com- 
merce, Washington 25, DC, 8 x 1012, 14 pp. 
10¢. 

Lists reports in OTS’ monthly abstract jour- 
nals, 1945-1958. 


Molybdenum and Tungsten 
Bibliography 
Office of Technical Services, US Dept of Com- 
merce, Washington 25, DC. 8 x 102, 18 pp. 
10¢. 

Lists reports in OTS’ monthly abstract jour- 
nals, 1944-1959. 


Beryllium Bibliography 
(1945-1960) 
Office of Technical Services, US Dept of Com- 
merce, Washington 25, DC. 8 x 102, 19 pp. 
10¢. 

Lists reports in OTS’ monthly abstract jour- 
nals, 1945-1960. 


The Structure of Glass, Vol 2 
Translated from Russian. Consultants Bureau 
Enterprises Inc, 227 W 17th St, NY 11. 8Y2 
x 11, 480 pp. $25. 

The first technological book ever to be 
published simultaneously in the English-speak- 
ing and Russian-speaking worlds. Contains pro- 
ceedings of Nov ‘59 Conference on the Glassy 
State held in Leningrad. 
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BONATE RESIN 


DIMENSIONAL STABILITY Card Guide 
for business machines is molded to 
close tolerances . . . must undergo min- 
imum change in dimensions during 
service. Parts show excellent dimen- 
sional stability under moist and high 
temperature conditions. LEXAN resin 
meets self-extinguishing requirement. 


TRANSPARENCY Stock shapes and film 
of LEXAN polycarbonate resin have ex- 
cellent transparency. Bar stock is easily 
machined; film can be thermoformed, 
heat-sealed and solvent-sealed. Combi- 
nation of clarity, to:ghness and mallea- 
bility gives LEXAN resin the design 
capabilities of a transparent metal! 


TOUGHEST 
OF PLASTICS! 


LEXAN OPENS UP NEW OPPORTUNITIES... 
Even before LEXAN entered large- 
scale production, manufacturers, 
impressed by its exceptional proper- 
ties, developed and field tested over 
300 applications. G.E. participated 
in these developments. With the 
opening of new G-E facilities capa- 
ble of producing millions of pounds 
of LEXAN per year, the price of 
this versatile thermoplastic has 
dropped dramatically — over 40% in 
a single year. This fact alone has 
brought many new products within 
the range of feasibility. Can you 
afford to overlook the opportunities 
presented by LEXAN? Send for de- 
tails on price, properties, applica- 
tions and G-E’s technical assistance 
program today! General Electric, 
Chemical Materials Department, 
Section PE-31, Pittsfield, Mass. 


LEXAN’ 


Polycarbonate Resin 


GENERAL @@ ELECTRIC 
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Bearings Bibliography (1945-1960) 
Office of Technical Services, US Dept of Com- 
merce, Washington 25, DC. 8 x 102, 17 pp. 
10¢. 

Lists reports in OTS’ monthly abstract jour- 
nals, 1945-1960. 
Metal Coatings Bibliography 
(1950-1960) 
Office of Technical Services, US Dept of Com. 
merce, Washington 25, DC. 8 x 102, 20 pp. 
10¢. 

Lists reports in OTS’ monthly abstract jour- 
nals, 1950-1960. 


ABSTRACTS 
FROM THE LITERATURE 


Valve-flapper Force 

This paper describes some experi- 
ments that were made to determine 
the force on the flapper of a flapper 
valve. 

The force on the flapper is deter- 
mined by adjusting the upstream 
pressure until, for a given set of bal- 
ance weights, the force transducer 
records a set value. The net force on 
the flapper is then the sum of the bal- 
ance weights and the force exerted by 
the transducer. 

The distance between the flapper 
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and the nozzle was determined opti- 


cally. The flapper was highly polished 
so that by looking in from the side 
one could see both the nozzle and its 
reflection in the flapper. Observing at 
an angle very close to the horizontal 
twice the actual distance of 
separation between the nozzle and the 
flapper. 


shows 


“The Force on the Flapper of a Pneumatic 
Flapper Valve,” R. E. Norwood, MIT, Cam- 
bridge, Mass. Paper No 38.4 published in 
NEREM Record, Nov ‘60, Institute of Radio 
Engineers, (Boston section), Boston. 


U-springs 

Charted parameter makes possible 
a simplified method of finding stress 
and deflection. Advantages of the 
U-spring in comparison with other 
springs are shown. 


“U-springs—Stress and Deflection Calculations,” 
by J. E. Fleckenstein, Johnson Service Co. 
American Society of Mechanical Engineers 
paper 60-WA-172, 29 W 39th St, New York 18. 


States of Polymers 

The different states of polymers 
have been determined by thermal, 
mechanical, and electrical methods to 
follow the change of characteristics as 


a function of temperature. 

Diagrams give the breaking or the 
vield stress of materials as a 
function of temperature, and also their 
transition 
grams, which collect the results of ex- 
periments, seem to be fundamental 
for the various thermomechanical ap 
plications. 

The possibility of the three states, 
namely, rigid, plastoelastic, and rub- 
bery, is examined with respect to the 
basic structure of the polymers. As 
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“Use 
OF: TS (211) 
TORT 

Lead” 


The most valuable lesson an upcoming en- 
gineer, architect or draftsman learns is 
“Use the best tools!” This means CASTELL 
#9030 Black Gold graphite-saturated lead 
that stays black without flaking, feathering 
or “burning out.” Gives you crisp, opaque 
lines on all surfaces, including Cronar and 
Mylar base films. CasTeELL #9030 never 
hesitates because of gritty spots. Remark- 
ably uniform in all degrees, 7B to 10H, 
each as precise as a machine tool. Erases 
without leaving ghosts. Plastic tube with 
gold cap. 


FITS ALL STANDARD HOLDERS. Pick up a tube from your supplier today, 
A.W.FABER-CASTELL Pencil Co., Inc., Newark 3, N. J. 


Now celebrating its 200th birthday 
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PRIOR TIONAL 
CONVE” AXLES 


Available in all standard sizes up to 2” and in cus- 
tom sizes on special order. Singles and tandems, 
straight and drop axles. Complete running gear 
assemblies. Let us help you solve your running gear 
design problems. For further information, write 


PRIOR PRODUCTS, INC. #==0ver-mua ram 
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CIRCLE SEAL [eee 
HIGH PRESSURE [7 


SHUTOFF VALVE " 
«ee LEAKPROOF 
Fingertip Operation 








Unique design combines 

positive leakproof shutoff 

with full flow passages and 

freedom from wire drawing 

Design of stem and seat per- 

mits simplified throttling of 

flow. Light fingertip opera- 

tion actuates either a hand- 

wheel or toggle lever for 

900 rapid actuation. Unique and 

SERIES useful variations on the 

basic 900 Series configura- 

tion: * Right angle flow 

¢ Integral Relief—combines 

relief valve function with 

shutoff permitting cylinder 

thermal pressure relief, etc 

¢ Triport with one inlet and 

two outlets or one outlet 

tube connections. 303 Stainless and two inlets. 
construction. 


CIRCLE SEAL PRODUCTS CO., INC. 
2181 East Foothill Bivd., 
Pasadena, Calif. 
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DESIGN LITERATURE continued 
polymers are viscoelastic solids, special 
attention has been given to the change 
of characteristics as a function of time. 


“The Different States of Polymers Based on 
Their Thermomechanical Properties,” by M. 
Chatain, P. Dubois, Centre d’Etude des Ma- 
tieres Plastiques, 21, rue Pineel, Paris 13°. 
Presented at the 17th Annual Technical Con- 
ference, SPE, 65 Prospect St, Stamford, Conn. 


Lubricating Frictionless 
Bearings 

Theoretical analysis, photoelastic 
tests and ball-bearing fatigue tests led 
to an hypothesis explaining the influ- 
ence of oil on bearing fatigue life. The 
conclusion is that oils which produce 
lower thermal gradients in the con- 
tact zone help to give longer life. 


“Theory of Lubrication and Failure of Rolling 
Contacts,” by 8B. Sternlicht, P. Lewis and P. 
Flynn, General Electric Co. American Society 
of Mechanical Engineers paper 60-WA-286, 
29 W 39th St, New York 18. 


Finishes on Laminate Systems 

The subject of this paper is the in- 
vestigation of finishes on glass fabric 
reinforcement and their effect on the 
properties of heat-resistant phenolic 
and epoxy systems, particularly on 
laminates that have been post-cured 
to high temperature. The findings 
substantiate that the finish is para- 
mount especially in the phenolic sys- 
tem; this was not so pronounced in 
the epoxy laminate systems. Results of 
the physical properties and electrical 
properties are tabulated on the post- 
cured laminates and the most impor- 
tant features are pointed out in the 
form of bar graphs. 


“The Effect of Finishes on Heat Resistant Phe- 
nolic and Modified Epoxy Laminate Systems,” 
by John Miglarese, Westinghouse Electric Corp. 
Presented at the 17th Annual Technical Con- 
ference, SPE, 65 Prospect St, Stamford, Conn, 


Molded Brake Lining 

Test results show coefficient of fric- 
tion for three representative materials 
under various conditions. A main con- 
clusion is that a deposited microscopic 
intersurface increases the coefficient 
of friction. 


“The Dynamic Frictional Characteristics of 
Molded Friction Materials,” by M. J. Rabins, 
New York University and R. J. Harker, Uni- 
versity of Wisconsin. American Society of 


Mechanical Engineers paper 60-WA-35, 29 W | 


39th St, New York 18. 


CATALOGS 
AND BULLETINS 


To obtain copies of literature described be- 
low, circle corresponding number on post- 
ecard inside back cover. 


METALLIC STATIC-FACE SEALS— 
Booklet, approx 26 pp. Outlines charac- 
teristics, dimensions, and requirements and 
precautions for handling and _ installing 
Includes dimensional drawings and instal 
lation diagrams. Harrison Mfg Co, 2908 
N Naomi St, Burbank, Calif. 

Circle 350 on Reader Service Card 


POWER POSITIONERS-—Bulletin 
500A, 10 pp. Discusses basic uses, oper 
ation and dimensions. Visual flow illustra 
tions, line drawings and charts show ways 
of applying positioners to air-hydraulic 
power cylinders, motorized screw drives 
and other regulating devices. Hanna 
Engineering Works, Dept PR-27, 1765 
Elston Ave, Chicago 22. 

Circle 351 on Reader Service Card 


HYDRAULIC FLUIDS, LUBRICAT- 
ING OILS — Catalog, 6 pp. Carries 
references on over 450 military specifica 


tions for lubrication, hydraulic, and cor- 


rosion prevention products. Bray Oil Co, 
3344 Medford St, Los Angeles 63. 
Circle 352 on Reader Service Card 


FRICTION MATERIALS — Brochure 
1051, 4 pp. Tabulates tensile strength, 
coefhcient of friction and recommended 


continued on page 107 











"It was conceived of as a regular compact but somebody took a cube root instead 


of a square root.” 
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ZERO 
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AT 1800 F 


AND ABOVE 


























fully q ied 

tion in ail statié) 
Surface finishes to 1 
may be Sealed with 
flange beads, 


Catalog (1000. ae 
APPLICATIONS: ~~" 
Hydrovlic Systems Grydmenic Systems 
High Energy Fuels Det cncnices 
Fasteners ie 4 Systems 
Quick Ofgcamaects Fluids 
tG fr . 
te | ey 
DESIGNED FOR: coi. 
Lew flonce loads 
Temperatures fram —320°F fe +2200°F 
Mermol moching finishe ‘ 
~ High resiliency 
Seoliog hich pressures 
Seoling low pressures (vacuum) 
Miniature sub-systems 
also monvtacturers of the 
MODEL 20 SERIES 
ELECTROMAGNETIC ACTUATORS 
(FLAT ARMATURE TORQUE MOTORS) 
PERFORMANCE CHARACTERISTICS, 
_ SERIES 20 FLAT ARMATURE TORQUE W.OTORS. 
[MODEL 20-1 | 26:2 7520-3 | 20-4 | 
2.006) = = .008| +.015 








| Stroke (in ) 
Output 
Radius (in.) "650 .593 750 906 
Midposition 
Force(ib.) 13.0 
| Hysteresis 
(%) 5 | 2 
Resonant 
Frequency 
Ss 
Max. Power 
Read 


(warts) |e. | 
Weight (oz) as 









































INDUSTRIAL MEASUREMENT SALES, INC. 


a 445 N. Garey Ave., Pomona, Calif. NAtional 3-1588 
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Mode! 0406 
(1/12 hp) 


Model 0211 » 
(1/6 hp) J 


Model 0321 
(1/4 hp) 





NEW VARIABLE SPEED CATALOG 


FREE Here’s all you have to know about fhp variable 
speed. Explains the Zero-Max principle with pic- 


COPY tures and diagrams of uses. Describes over 30 
basic models and types of Zero-Max drives which 
eal deliver 0 to 1200 rpm and up to 450 in. Ibs. torque. 

Model 0521 > WRITE FOR YOUR FREE COPY TODAY! 
oe the ZERO-MAX company 


2879 Harriet Ave. S., Minneapolis 8, Minn. « TAylor 7-5521 
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For 0.E.M. and lab use | ee 
—specify compact, INTEGRAL-MOTOR 


GAST VACUUM PUMPS 


To save space ... and reduce weight 
and mounting costs—use Gast Integral- 
Motor-Pump Models! For vacuum use 
—or fitted as air compressors—four sizes 
offer capacities from % to 3.8 cfm. 


For completely oil-free air, Models 0406 

and 0211 are available with oil-less con- 

struction (optional). Lubricated Models 

0321 and 0521 have fan cooling. Vacuum 

ranges to 28” Hg, pressures to 25 psig. 

Rotary-vane design is positive in dis- 

placement, quiet and long-lived. That's 

why engineers specify Gast Air Pumps 

as components for air sampling, indus- : aieis Maneest : 
trial and laboratory instruments; print- : Formulas 
ing, packaging and vending machines. : Applications 

Engineering Data 

Screw Torque Data 

$ Adapter Problems 

SEE CATALOG IN SWEET'S PRODUCT DESIGN FILE & A.S.M.E. CATALOG , General Principles 


& GAST, AIR MOTORS + VACUUM PUMPS + COMPRESSORS $ pa. Sturtevant /co. 


MANUFACTURING CORP ADDISON [QUALITY] LinoIS & 


To acquaint yourself with other advantages, 
write for Bulletins V-P-356, 








P.O. 80x 117-V , BENTON HARBOR, MICHIGAN 
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DESIGN LITERATURE continued 
service (wet, dry or in oil) for close to 
35 types of material suitable for brakes, 
clutches, automatic transmissions and 
vibration dampers. Includes size limits 
and tolerances of industrial and auto- 
motive parts. World Bestos, Div Fire- 
stone Tire & Rubber Co, New Castle, 
Ind. 

Circle 353 on Reader Service Card 


FLOATLESS LIQUID-LEVEL CON- 
TROLS—Bulletin 334, 4 pp. Describes 
performance of high- and low-sensitivity 
types; offers specifications and direct and 
inverse operation diagrams. B/W Con- 
troller Corp, 2200 E Maple Rd, Birming- 
ham, Mich. 

Circle 354 on Reader Service Card 


RIGHT-ANGLE PRINTED CIRCUIT 
CONNECTORS-—Catalog RTA-1260, 12 
pp. Contains electrical and mechanical 
ratings, outline drawings and photographs 
of plug and socket connectors in contact 
sizes from 4 to 38. Electronics Div, 
DeJur-Amsco Corp, 45-01 Northern 
Blvd, Long Island City 1, NY. 

Circle 355 on Reader Service Card 


ADJUSTABLE-SPPED DRIVES—Bulle- 
tin 2900, 6 pp. Describes operation of 
four types of packaged drives for applica- 
tions in the 3 to 2500-hp drive range and 
gives available ratings, speed ranges, type 
enclosures, etc. Cutaway drawings are 
included for each. Louis Allis Co, 427 E 
Stewart St, Milwaukee 1. 

Circle 356 on Reader Service Card 


ADJUSTMENT POTENTIOMETERS— 
Folder 4700, 4 pp. Tabulates resistances, 
end settings, power ratings, max operating 
temperatures, terminals, etc. of 18 models. 
Typical design features are shown in cut- 
away drawings of four models. Schweber 
Electronics, 60 Herricks Rd, Mineola, 
LI, NY. 

Circle 357 on Reader Service Card 


SHADED-POLE AND GEARMOTORS 
—Brochure, 4 pp. Presents size, speed and 
torque data on shaded-pole induction 
motors and helical, spur and worm gear- 
motors. Dimensional drawings are in- 
cluded for each series. Brevel Products 
Corp, 601 W 26th St, New York 1. 
Circle 358 on Reader Service Card 


FITTINGS—Bulletin 921, 


17 pp. Con- 


tains outline drawings and specifications 


of adapter couplings, bushings, elbows, 
tees, hose assemblies and brackets. Dia- 
grams relationships of different pipe thread 
types and outlines pipe thread dimensions 
and characteristics as well as standard 
gaging practices. Lincoln Engineering Co, 
Original Equipment Sales Div, 4010 
Goodfellow Blvd, St Louis 20. 

Circle 359 on Reader Service Card 
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MOLDED ELECTRIC-MOTOR PARTS 
—Catalog, 12 pp. Mlustrates and lists stock 
sizes of molded brush-retaining caps, car- 
bon brush holders, commutators and slip 
rings. Midwest Molding & Mfg Co, 
Gurnee, I]l. 

Circle 360 on Reader Service Card 


HIGH-IMPACT MOLDABLE PLAS- 
TICS—Booklet, 28 pp. Covers physical 
and chemical properties of acrylonitrile- 
butadiene-styrene thermoplastic resins for 
engineered applications. Also gives design 
information on many molded products 
made from the material. Kralastic Sales 
Dept, Naugatuck Chemical Div, US 
Rubber Co, Naugatuck, Conn. 

Circle 361 on Reader Service Card 


WELDING STAINLESS STEEL—Bul- 
letin 7300.2, 12 pp. ‘Traces physical 
properties, structure and welding charac- 
teristics of different types of stainless 
steels. Also tabulates deposit properties 
and electrode recommendations. Lincoln 
Electric Co, Cleveland 17. 

Circle 362 on Reader Service Card 


STRUCTURAL TUBING—Bulletin 12-3, 
4 pp. Provides size data on square, 
rectangular and round steel tubing; lists 
advantages of structural tubing over other 
steel shapes; and discusses tolerances and 
fabrication. Joseph T Ryerson & Son 
Inc, Box 8000-A, Chicago 80. 

Circle 363 on Reader Service Card 


NUMERICAL CONTROL OF MaA- 
CHINE TOOLS—Booklet 24 pp. Ex- 
plains fundamentals of operating machines 
with electrical motors that get their 


continued on page 109 





"I haven't the slightest idea what it’s for— 
I inherited it when they changed the parti- 
tions.” 





RULON’S “Plastic Memory” 
Means Tighter Seals... 
Lower Costs 


RULON (reinforced TFE) parts 
post-formed from tape are ideal for 
seals, packings, rings, etc. because 
they exhibit no stick-slip and greatly 
reduce starting torque. And unlike 
tubber or leather, 

RULON takes any 

hydraulic fluid — and 

_ its plastic memory 

| insures positive con- 

tact with shafts or 

cylinder walls, Parts 

have infinite shelf 

life, too — completely 
unaffected by 

weather, light or heat. 

Dixon’s self-lubri- 

cating RULON gives 

your sealing applica- 

tions all the advan- 


5 tages of Teflon — low 

friction, chemical in- 

\ ertness, zero mois- 

RINGS ture absorption, ex- 

treme temperature 

range (—400 to +500° F) — PLUS 

a tremendous increase in mechanical 
strength and wear resistance. 

Next time, look at your design 
with RULON in mind. This mate- 
rial is now available with improved 
sealing action and at costs competi- 
tive with leather and rubber. For 
complete data on stamped or post- 
formed parts . . . special reinforced 
fluorocarbons for special needs . . . 
and a wide selection of basic shapes 
in both RULON and Teflon .. . 
see our Catalog in 
Sweet’s Product 
Design File, or write 
for Brochure #9572. 

DIXON CORPO- 
RATION, 103 
BURNSIDE ST., 
BRISTOL, R. I. 


#* DuPont T.M, 


DIXON 


CIRCLE 107 ON READER SERVICE CARD 107 








Floatless, Electrode Type } 


LIQUID LEVEL CONTROLS 


No moving parts in the 
liquid @ Easy to install 
@ No adjustments neces- 
sary @ Unaffected by acids 
or caustics @ Unaffected by 
pressure or temperature e 
Standard 2&3 pole units 
listed by U/L 


Write for 32-page 
Catalog which gives 
complete specifications 


Two pole contro! shown at left 


YOU CAN USE OUR CONTROLS FOR: 


@ Single & multiple pumps ¢ Sewage & waterworks 

© Motor & solenoid valves @ Chemical Industries 

@ High & low cutoffs @ Food & Dairy Industries 
& alarms @ OEM applications 


Special controls to custom requirements 
CHARLES F. WARRICK CO. 


1964 W. Eleven Mile Road, Berkley, Michigan 
Dept. 3 Telephone JOrdan 4-6667 


...most efficient! 
... least costly! 


ooTz 


ANUFACTURING 


OMPANY, INC. 1400 Parx sTeeeT 


EVANSVILLE 7. INDIANA 
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MECHANICAL ENGINEERS 


Bausch & Lomb 


There are several openings for Senior De- 
sign Engineers in the Product Design sec- 
tions of our company. 


These positions require board design, co- 
ordination of customer requirements with 
Electrical and Optical Designers, supervi- 
sion of detail draftsmen, assistance to shop 
during construction and assembly as well 
as testing and development work. 


Those who can qualify and are interested in 
real design responsibility are invited to sub- 
mit a resume to: Mr. H. A. Frye, Profes- 
sional Employment. 


Bausch & Lomb 


INCORPORATED 
17 Bausch Street * Rochester 2, New York 
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DESIGN LITERATURE continued 


eS ee SIMPLIFY YOUR 
ctions from holes in punche pe. RIGHT ANGLE POWER 


Also cites resulting dollar and man-hour 


savings compared with conventional opera- TRANSMISSION 


tions. Norden Div, United Aircraft Corp, 
3501 Harbor Blvd, Costa Mesa, Calif. PROBLEMS ... 


Circle 364 on Reader Service Card 


PUSHBUTTON STATIONS — Bulletin 
GEA-6544A, 8 pp. Describes line for 
standard and heavy-duty applications and 
includes dimensional diagrams. Ordering 
information spells out number and type of 
operators, nameplate markings, wiring 
symbols, etc. General Electric Co, 
Schenectady 5. 

Circle 365 on Reader Service Card 


THERMOPLASTIC MATERIALS— 

Chart. Offers physical, electrical, chemical 

and optical properties of acrylics, acetate, YOUR DESIGN DESERVES THE CROWN GEAR “PACKAGE” 

butyrate, Teflon and Kel-F fluorocarbons, : . 

nylon, polyethylene and vinyls. Cadillac ¢ Totally enclosed Aluminum Alloy Housing 

Plastic & Chemical Co, 15111 2nd Ave, ¢ 316 Stainless Steel Shafts ¢ Double Sealed Ball 

Detroit 3. Bearings ¢ Hardened Steel, Spiral Bevel Gears 
Circle 366 on Reader Service Card © Choice of 4 or 5 Mounting Positions ¢ Ratings 

from 4 through 2 H.P. ¢ 1:1 or 2:1 Ratio optional 
WIRE CONTACT RELAYS—Bulletin - Contact your local distributor or 
2 pp. Contains specifications data, includ- grate write direct for new catalog... 


ing coils, dielectric strength and contact : I; 

ratings, on 4-, 6 and 12-pole plug-in : A CROWN GEAR 
units. Wheelock Signals Inc, 273 Branch- <SxEs" «96 ~PARK AVE., WORCESTER 10, MASS. 
port Ave, Long Branch, NJ. A Division of Harrington & Richardson, Inc. 


Circle 367 on R 
were S87 on Gonder Service Cord CIRCLE 218 ON READER SERVICE CARD 











FIBERGLASS - REINFORCED 
MOLDED PLASTICS—Brochure 1181-B, ASK THE MAN WHO USES NORDSON AIRLESS 


8 pp. Lists mechanical and chemical 


——— | + @ We saved over*16,000 on 
material the first year” 








| “Good finishing is as important on our 
corn pickers and manure spreaders as it is 
jon household items, but finishing costs 
were getting out of hand. To improve effi- 
|ciency we installed Nordson Hot Airless 
Spray Systems on two of our production 
|lines. Paint savings alone the first year 
| totaled over $16,000. On our picker line 
ithe new system cut spraying time more 
ithan 30%. 


We reduced housekeeping costs too, for New idea corn pickers have many hard- 
|we were able to reassign two men from _ to-reach angles. With Nordson equipment 
icleanup operations. In addition to these panna @ full coat without costly 
|savings, the finish of our products has ; 

|been noticeably improved.” 


|That is what Ralph Mueller, Plant Engi- 
|neer of Avco Corporation’s New Idea 
Division, Coldwater, Ohio has to say about 
Nordson equipment. If you spray var- 
nishes, paints, adhesives or other indus- 
trial coatings, it will pay you to find out 
how the Nordson System can provide sav- 
ings and improve quality for you. For full 
information write Nordson Corporation, Nordson Model 15000 Hot Airless 


86 Jackson Street, Amherst, Ohio. Spray Unit is the most versatile ‘paint 
shop” developed for American industry. 


"I'm sorry, boss, but | didn’t hear what you 
said—would you mind snarling that again?” NORDSON® ORIGINATORS OF AIRLESS SPRAY 


PRODUCT ENGINEERING + MARCH 13, 1961 CIRCLE 109 ON READER SERVICE CARD 109 

















How 45,000 companies 
help their employees 
buy security 





45,000 American business firms have put in a valuable 
service for their employees—the Payroll Savings Plan 
for U.S. Savings Bonds. Through this plan the com- 
pany payroll clerk sets aside a certain amount for each 
participating employee, each payday. Bonds are de- 
livered to employees as soon as they are fully paid for. 
It’s fully automatic, and the easiest way in the world 
to save. 

More than 8 million employees are using the plan, 
and are saving about $2 billion in Savings Bonds a 
year. These funds have helped buy homes, finance 
vacations, assure college educations and provi le nest- 
eggs for retirement. 

If your company has not installed the Payroll Sav- 
ings Plan thus far, contact your State Savings Bonds 
Director and have him show you how the Plan works. 
Get his experienced help in presenting the Plan to 
your organization. Or write Savings Bonds Division, 


U.S. Treasury Department, Washington, 25 D. C. 


Hats off to 
American Industry! 


“American Industry—by pro- 
moting the Payroll Savings 
Plan—has given the Savings 
Bonds Program its greatest 
success," says William H. Neal, 
National Director of the Treas- 
ury’s Savings Bonds Program. 


THE ©. S. GOVERNMENT DOES NOT PAY FOR THIS ADVERTISEMENT. THE TREASURY DEPARTMENT THANKS, FOR THEIR PATRIOTISM, THE ADVERTISING COUNCIL AND THE DONOR ABOVE. 
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Employment Opportunities 


AT UNIVAC... 


CAREER 
OPPORTUNITIES IN 





DESIGN LITERATURE ........continued 


MAGNETIC TAPE 
INSTRUMENTATION 


Just Out. Clearly explains the applications 
of modern data storage and reproduction 
methods—including their potentialities and 
limitations. Fully describes such techniques 
as FM carrier, pulse-duration modulation, 
compound modulation, carrier-erase record- 
ing, and digital-pulse recording. Helpful il- 
lustrations show cir- 

\ cuits, details of equip- 
ment, performance, and 

other essential infor- 

mation. By G. L. Da- 

vies, Consulting Engi- 


characteristics and uses ranging from small 
intricate parts to large machine housings, 
automotive cabs and bodies. Also treats 
advantages of wood-chip molded plastics. 
Gisholt Plastics, Madison 10, Wis. 
Circle 368 on Reader Service Card 


ARMORED INDICATING FLOW- 
METER-—Bulletin 10A2147, 2 pp. Out- 


lines construction materials, design fea- 


MANUFACTURING 


ENGINEERING 


There is an outstanding opportunity for 
personal progress at Remington Rand 


Univac. An Atmosphere of Achievement | 
provides engineers unlimited opportuni- | 


ties for professional progress and par- 


ticipation in creative programs of elec- | 


tronic data processing. 


You are invited to investigate the | 


opportunities now available at Univac. 
In addition to an attractive salary, you 
will enjoy liberal company benefits. 


Immediate Openings Include: 


PRODUCTION RESEARCH ENGINEERS | 


A limited number of Engineers are needed | 


with special knowledge and experience in- 


volving thin film techniques using vacuum | 


deposition, fine wire welding, wire wrap and 
miniature connectors. This is challenging 
work in a new field and offers unprecedented 
opportunities for advancement. 


ELECTRICAL ENGINEERS 


Electrical Engineers are needed for Quality | 
Control Engineering. Work involves the rigid 


standards of uitraretiability as required in 
superior data processing equip t. These 
positions include the initiation and evaluation 
of test and inspection procedures for manu- 
facturing processes. 


PRODUCTION ENGINEERS 





Electrical, Mechanical or Industrial Engineers | 


are needed to plan automated processes, 
methods and tooling for the world’s most re- 
liable-computers. These positions require the 
utilization of imagination and creativity in 
production. 


QUALITY CONTROL ENGINEERS 


To develop and apply statistical quality | 


contro! techniques, initiate and evaluate 
test and inspection procedures for the 
manufacture of superior quality products. 


For immediate consideration, send 
resume of experience and education to: 


R. K. PATTERSON 
Department BB-2 


. FRand. 
hnivac. 


DIVISION OF SPERRY RAND CORPORATION 
2750 West Seventh Street, St. Paul 16, Minnesota 
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tures, operational limits, capacities dimen- 
sions and performance. Fischer & Porter 
Co, 800 Jacksonville Rd, Warminster, 
Penna 


Circle 369 on Reader Service Card 


FOAMED AND REINFORCED PLAS- 
TIC PRODUCTS—Bulletin 611, 4 pp. 
Tabulates typical mechanical properties 
of glass-fiber-base polyester laminates and 
rigid polyurethane foam. Lists applications 
for plastic products with controlled prop- 
erties, including radomes, antennas, pata- 
bolic dishes, microwave lenses, structural 
plastic panels, etc. Polystructures Inc., 
41 Montvale Ave, Stoneham, Mass. 
Circle 370 on Reader Service Card 


ALPHANUMERIC DISPLAY — Bulletin 
B262, 2 pp. Describes electrical operation 
and display properties. Illustrations in- 
clude operational block diagram, modular 
printed-board arrangement, segment con- 
figuration and alphanumeric gate-line cod- 
ing. Robotomics Corp, 2422 E Indian 
School, Phoenix 16, Ariz. 

Circle 371 on Reader Service Card 


FELT MOUNTING PADS—Brochure, 8 
pp. Discusses vibration control with pads 
made in two densities for up to and 
over 50-psi loads. Lists more than 50 
types of equipment with which pads can 
be effectively used. American Felt Co, 
2 Glenville Rd, Glenville, Conn. 

Circle 372 on Reader Service Card 


STUDS AND THREADED ROD-Bulle- 
tin, 1 pp. Illustrates several of 8000 fas- 
teners available from stock in stainless 
steel, carbon and alloy steel, bronze, monel, 
aluminum and other metals. Star Stainless 
Screw Co, 699 Union Blvd, Paterson 2, 
NJ. 

Circle 373 on Reader Service Card 








FOR MORE CATALOGS 
AND BULLETINS 

1600 of ’em—see your copy 
of Product Engineering’s Mid-Sep 
1960 Design Digest. There you 
will find helpful design literature, 
classified under 10 different head 
ings, from important manufacturers 
and suppliers of components, mate- 
rials, power and control systems, 





| in collaboration with J. M. 


pp., 114 illus., 





manufacturing processes. 








neer, 257 pp., 86 illus., 
$8.50 





PRINCIPLES OF 
INERTIAL 
NAVIGATION 


Just Out. Fully covers the principles of in- 
ertial navigation. Presents navigation con- 
cepts, components, coordinate systems, 
errors which occur in inertial-navigational 
systems, and examples of autonavigators. 
In addition, the book covers problems of 
autonavigation components and computers, 
platform controllers, ground alignment, and 
preflight testing. By C. J. Savant, Jr., C. B. 
Solloway, and C. A. Savant, Northrop 
Corp.; and R. C. Howard, G. M. Giannini & 
Co., Inc, 249 pp., 166 illus., $9.75 





THEORY OF 
ELASTIC STABILITY 


Just Out—2nd Ed. Presents the essential 
theory and concepts of buckling of bars, 
plates, and shells. Clarifies problems relat- 
ing to such aspects of design as “lattice- 
work” columns, tubular members, structures 
of thin sheet material, and thin cylindrical 
shells. Includes new material on torsional 
buckling, lateral buckling of beams, and 
buckling of curved sheet panels, stiffened 
eylindrical shells, and spherical shells. By 
S. B. Timoshenko, formerly Stanford Univ.; 
Gere, Stanford 


Univ. 2nd Ed., 538 pp., 329 illus., $15.00 





INDUSTRIAL THERMAL 
INSULATION 


Shows how to select, specify, and apply the 
most efficient and economical insulation for 
any industrial need. The book provides a 


| wealth of tested methods and data for effec- 


tively using modern 


insulating materials 
for high and 


low temperatures. Includes 


| information on such developments as cellu- 


lar glass products, hydrous calcium silicate, 
and foamed plastics. Clearly shows how to 
apply, fasten, and finish insulation mate- 
rials to various types of surfaces. By A. C. 
Wilson, Owens-Corning Fiberglias Corp., 295 
$9.00 


SEE THESE BOOKS 10 DAYS FREE 


McGraw-Hill Book Co., Save. 7-— 
327 W. 41st St., New York 36, 


Send me book(s) checked below for 4, ev exam- 


ination on approval. In 10 days I will remit for 
book(s) I keep, plus few cents for delivery costs, 
and return unwanted book(s) postpaid. (We pay 
delivery costs if you remit with this coupon—same 
return privilege. ) 


0) Daviese—Magnetic Tape instrument., $8.50 

©) Savant et al—Prin. of Inertial Navig., $9.75 
oO = & Gere—Theory of Elastic Stabil., 
0) Wilson 
(PRINT) 
Nam 


Indus. Thermal Insulation, $9.00 


Addres 
) ee 
Company 
Position 


For price and terms outside U. 8. 
write McGraw-Hill Int'l. N.Y.C. 
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HIGH FREQUENCY 


fe 4 
Juaducttou 


HEATING 


Steel Bosses 
Selectively Hardened 





Bosses on part shown are locally har- 
dened to increase resistance to wear and 
plastic yielding. Surface hardening by 
induction provides hardness pattern in- 
dicated and hardness of Rc 57/59 for 
1640 steel when quenched in water, 


Hot Forming Aids Production ° 
Assembly of Nippers 


Y 


imoucTiOn CoOrL a. 
= J | 
t 
| oe 




















The ends of high-strength steel rivets 
are selectively heated to 1700° F for 
hot upsetting. Design of coil permite 
movement of upsetting tool through the 
coil. 


VR PFE 


L oP HIGH FREQUENCY 
LPLL LABORATORIES, INC. 
55th ST. & 37th AVE., WOODSIDE.77. N.Y 
CHICAGO OFFICE: 62 46 WEST NORTH AVE 





INDEX TO 
ADVERTISERS 


This index is published as a convenience to the readers. Every care is taken to make it accurate but 
PRODUCT ENGINEERING assumes no responsibilities for errora or omiasions 


AMP, Inc 

Acme Electric Corp 

Aetna Ball & Roller Bearing Co., Div 
Parkersburg-Aetna Corp.....2nd Cover 

Aircraft Armaments, Inc., A 
Industrial Div. 

American Viscose Corp., Industrial 
Merchandising Div. 

Anchor Coupling Co., Inc 

Armco Steel Corp 

Associated Spring Corp 

Auburn Mfg. Co 


Bead Chain Mfg. Co., 
Blaw-Knox 


Bootz Mfg. Co., Inc 
Bundy Tubing Co 


Chemiquip Co. 

Chiksan Co., A Subs. of Food 
Machinery & Chemical Corp 

Circle Seal Products Co., Inc 

Clare & Co., C . 

Crown Gear Div., Harrington & 
Richardson, 

Cutler-Hammer, 


Detroit Coil Co 
Diamond Chain Co., Inc., 
American Steel Foundries 
Dietzgen Co., Eugene 
Dixon Corp. 
Dow Metal Products Co., 
Dow Chemical 
du Pont de Nemours & Co., Inc., 
|., Film Dept 
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P78-—EQUATIONS TO FIND THE RIGHT 
IMPELLER 
Size and type of air mover based 
on airflow, static pressure and rpm 


P79—RESPONSE OF DC CLUTCHES 
AND BRAKES 
Analysis of their response time and 
how to get that extra speed 


580—JOURNAL BEARING DESIGN 
How speed, load and temperature 
determine dimensions, materials 
surface finishes and lubricants 


581—RELIABILITY TESTS FOR RUBBER 
COATED FABRICS COVERS 
The seven most 
and lists over 40 
ASTM test methods 


582—-NATURAL FREQUENCY OF NON. 
LINEAR VIBRATION ISOLATORS 
Simple algebra and a force-deflec 
tion curve are enough for complete 
analysis 
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TROL VALVES? 


The 8 common valves and their re 
sponse equations 
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conductor controls to be used in 
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pared and described 
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586—FLEXIBLE METAL TAPES 
Properties of steel tapes and how 
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flow in any nonlinear manner desired 
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Extensive wear tests 
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592—OPTICAL SYSTEMS 
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WARM 
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timate how much heat it needs 
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Bundy can mass-fabricate practically anything 


Your most complex tubing designs are turned Bundyweld meets ASTM 254; Govt. Spec. 
into tight tolerance components at Bundy. It’s = MIL-T-3520, Type III]. Our engineers will work 
done with Bundywelda, the tubing for de- with you at any time. Just call, write or wire: 
sign engineers with special problems. In addi- gundy Tubing Company, Detroit 14, Mich. 
tion to cutting, burring, flar- 
ing and bending, Bundy can 
expand, swage, flatten, up- 
set, coil, bifurcate or ma- 
chine this tubing to your 
specifications. In fact, 
Bundy can mass-fabricate 
practically anything. And 


BUNDY. TUBING COMPANY 


DETROIT 14, MICH. © WINCHESTER, KY. © HOMETOWN, PA. 


WORLD'S LARGEST PRODUCER OF SMALL-DIAMETER TUBING. AFFILIATED PLANTS IN AUSTRALIA, BRAZIL, ENGLAND, FRANCE, GERMANY, ITALY, JAPAN 
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new Type EAT UNIVERSAL 
SKELETON MOTOR 


a superior unit because of quality construction, 
larger bearings and greater oil capacity 


Larger bearings and greater oil-felt capacity give 
longer motor life. 


Grooved bearings insure continuous oil return. 
Larger bearings reduce motor noise. 


Accurate metallurgical control of laminations 


insure uniform performance. 
Interchangeable mountings. 
Six standardized modeis, 1/500 to 1/45 HP. 


The correct motor for rotisseries, vending 
machines, office machines, chart drives, 
phonographs, slide projectors, heaters, re- 
frigerators, hair dryers, deodorizers, 2” to 8” 
diameter fan blades, electronic equipment, 
etc.’ Write for complete specifications on 
your requirements. 


SPECIFICATIONS 


UNIVERSAL TYPE EA1 SKELETON MOTORS 115 VOLT 60 CYCLE 





MAXIMUM DIMENSIONS 








HP 
MODEL | (2,800 Rpm | TORQUE 
oz. im. 
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-}- (2) TIN DIPPED LEADS A OM 
THERMOPLASTIC 10s¢C 12” leads on all model 


UNIVERSAL ELECTRIC COMPANY 


PRECISION ELECTRIC MOTORS 


EXECUTIVE AND GENERAL SALES OFFICES: OWOSSO, MICHIGAN, DEPT, 12 
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